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ABSTRACT 
 
Background 
Osteoarthritis is nowadays one of the most frequent chronic diseases and, with the 
increase in life expectancy, both its prevalence and incidence is expected to 
increase. This condition is progressive and leads to functional decline and loss in 
quality of life. For diagnosis purposes and to assess disease progress, the 
evaluation of articular changes is essential, as well as patients’ complaints, 
although these signs and symptoms are not only specific of osteoarthritis. The 
evaluation of pathophysiological changes, usually performed by radiographic 
evaluation, is relatively consensual. Nevertheless, it is essential to understand the 
factors that might influence the evaluation of signs and symptoms, namely pain 
complaints, which is the symptom that most frequently lead patients to seek health 
care services.  
This dissertation aims to understand to what extent the complaints reported 
by patients affect the estimates of disease, and what characteristics can influence 
the identification of individuals with osteoarthritis. In order to achieve this general 
objective, four specific objectives were developed. 
 
 
Objectives 
 
1. To evaluate the effect of osteoarthritis definition on prevalence and incidence 
estimates, through a systematic review (paper I). 
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2. To investigate the potential role of age, gender, body mass index (BMI) and pain 
to identify patients with knee osteoarthritis (paper II). 
 
3. To estimate the effect of depressive symptoms in the ability of knee pain 
symptoms to identify individuals with radiographic osteoarthritis (paper III). 
 
4. To understand the relation between radiographic osteoarthritis features, pain, 
function and quality of life and the differences between knee and hip joints (paper 
IV). 
 
 
Methods 
 
Regarding the first study, a systematic review was carried out in PUBMED 
and SCOPUS databases comprising the date of publication period from January 
1995 to February 2011. We attempted to summarise data on the incidence and 
prevalence of osteoarthritis according to different methods of assessment: self-
reported, radiographic and symptomatic (clinical plus radiographic). Prevalence 
estimates were combined through meta-analysis, summary measures and 
between-study heterogeneity was quantified using STATA, version 9.2. 
 Studies 2, 3 and 4 were undertaken using the EPIPorto cohort. Data was 
collected through a structured questionnaire on social, demographic, behavioural 
and clinical information. Pain was assessed using a set of questions regarding 
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different time periods (ever having pain, pain in the last year, pain in the last 6 
months and pain in the last month). Depressive symptoms were evaluated using 
the Beck Depressive Inventory (BDI). Quality of life domains were evaluated with 
the Medical Outcomes Study Short Form 36 (SF-36). The Lequesne index for knee 
and hip were applied in a sub-group of participants to assess function. 
Radiographs of hips, knee, hand and spine were taken and assessed by a single 
evaluator and graded according to the Kellgren-Lawrence (KL) score.  
The dimensionality and internal consistency of pain questions was assessed 
by factor analysis for dichotomous variables (latent trait model) and Cronbach’s 
Alpha, respectively. Pain questions were used as a score and we classified 
participants as having no pain (score -1), pain but no other positive answer (score 
0), and score 1, score 2 or score 3, according to the number positive answers. 
Principal components analysis was used to identify patterns of radiographic knee 
and hip osteoarthritis features. 
In paper 2, associations were quantified with coefficients obtained using 
standard multivariate regression and proportional odds ratio (POR) and respective 
95% confidence intervals (95%CI). Path analysis was used to assess the 
plausibility of the causal assumptions, and a classification tree to understand 
radiographic osteoarthritis determinants.  
In paper 3, to estimate the association of pain score and radiographic knee 
osteoarthritis with depressive symptoms (BDI≥14) we used odds ratio (OR) and 
respective 95% CI, calculated by logistic regression and adjusted for age, BMI and 
gender. The ability of the knee pain score to discriminate patients with or without 
radiographic KL≥2 osteoarthritis was summarised using sensitivity, specificity and 
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likelihood ratios (LR), stratifying by sex and BDI score.  
In paper 4, linear regression and proportional odds ratios were calculated to 
estimate the association between radiographic changes, pain, disability and quality 
of life.  
 
 
Results 
  
Paper I 
Seventy-two papers were reviewed (9 reported data on incidence and 63 on 
prevalence). Higher prevalence estimates are seen when radiographic 
osteoarthritis definition was used for all age groups. Prevalence meta-analysis 
showed high heterogeneity between studies even in each specific joint and using 
the same osteoarthritis definition. Although the knee is the most studied joint, the 
highest prevalence estimates were found in hand joints.  
Osteoarthritis of the knee tends to be more prevalent in women than in men 
independently of the definition used, but no gender differences were found in hip 
and hand. Insufficient data for incidence studies did not allow us to make any 
comparison according to joint site or osteoarthritis definition.  
 
 Paper II 
Results from path analysis showed that higher age [POR=1.05 (1.04-1.06)] 
and higher BMI [POR=1.08 (1.06-1.10)] were associated with higher radiographic 
score, but sex presented no statistically significant association [POR=1.01 (0.85-
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1.19)]. Classification tree estimated age as the first variable to identify individuals 
with knee radiographic changes (≥56.5 years). In participants aged between 42.5 
and 46.5 years old, having a BMI ≥31.1kg/m2 is the characteristic more relevant; 
finally, in participants aged <42.5 years old, it is pain complaints with a pain 
score≥1.5, that improves the identification of patients with knee radiographic KL≥2 . 
 
 Paper III 
Knee pain was reported by 53.2% of those with radiographic KL≥2 and by 
33.2% of those with radiographic KL<2. The prevalence of depressive symptoms 
(BDI>14) was 19.9% among participants with radiographic KL≥2 and 12.6% among 
those with radiographic KL<2 (p=0.01). Pain complaints increased significantly with 
the severity of radiographic changes, and the association was stronger in 
participants without depressive symptoms. Among participants with BDI≤14, the LR 
to identify patients with radiographic knee osteoarthritis increased with increased 
pain scores: 1.02 for score 1; 2.19 for score 2 and 7.34 in score 3. Among 
participants with depressive symptoms (BDI>14), LRs were 0.51, 1.92, 1.82, 
respectively. The results were similar for both sexes. 
 
 Paper IV 
 Radiographic knee osteoarthritis (KL≥2 at least on one location of one joint) 
was present in 46.8% and hip osteoarthritis in 24.1% of the participants. 
Symptomatic (radiographic KL≥2 plus joint pain) prevalence was 26.0% in knee 
and 7.0% in hip joints. In knee, the increase on radiographic score increased the 
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odds of having a higher pain score [POR=1.58 (1.27-1.97)] and also in linear 
regression analysis it was associated with worst scores of quality of life, namely in 
the dimensions: general health [β=-3.05 (-5.00; -1.09)], physical function [β=-4.92 
(-7.03; -2.80)], role-physical [β=-4.10 (-8.08; -0.11)] and bodily pain [β=-2.96  (-5.45; 
-0.48)]. We also found an increase of limitations in activities of daily living [β=0.48 
(0.08; 0.89)] with increasing knee radiographic score. Regarding hip no significant 
associations were found between the severity of radiographic lesions and these 
measures. 
 
Conclusions  
The systematic review showed that prevalence estimates of disease vary 
according to the definition used, and higher estimates are found when patients’ 
complaints are not considered (radiographic osteoarthritis).  
Age, BMI and pain complaints are essential aspects for the identification of 
patients with radiographic knee changes. However, the presence of depressive 
symptoms impairs the ability of pain complaints in the identification of patients with 
knee radiographic changes. 
The associations between radiographic changes in osteoarthritis, pain, 
function and quality of life are different according the joint site affected. The 
associations are statistically significant for knee, but not for hip. 
These conclusions should be taken into consideration in the clinical practice 
and future studies involving osteoarthritis diagnosis and management. 
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RESUMO 
 
Introdução 
A osteoartrose é uma das doenças crónicas mais frequentes na atualidade 
e, com o aumento da esperança de vida, quer a sua prevalência quer a sua 
incidência tendem a aumentar. Esta patologia é progressiva e condiciona perda 
funcional e de qualidade de vida. Para o diagnóstico e avaliação da progressão da 
doença, é fundamental a avaliação das alterações patológicas articulares mas 
também das queixas do doente expressas por um conjunto de sinais e sintomas 
que, no entanto não são específicos apenas da osteoartrose. O estudo das 
modificações fisiopatológicas, habitualmente por avaliação radiográfica, é 
relativamente consensual. No entanto, é fundamental compreender os fatores que 
podem condicionar a avaliação dos sinais e sintomas, nomeadamente as queixas 
de dor, sintoma que mais frequentemente origina a procura de cuidados de saúde.  
Esta dissertação tem como objetivo compreender em que medida as 
queixas reportadas pelos doentes condicionam as estimativas de doença e quais 
as características que condicionam a identificação dos indivíduos com 
osteoartrose. De forma a atingir este objetivo geral, foram desenvolvidos quatro 
objetivos específicos. 
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Objetivos 
 
1. Compreender o efeito da definição de osteoartrose nas estimativas de 
prevalência e incidência através de uma revisão sistemática da literatura (artigo I). 
 
2. Investigar o potencial papel da idade, sexo, índice de massa corporal (IMC) e 
dor na identificação de indivíduos com osteoartrose do joelho (artigo II). 
 
3. Analisar o efeito dos sintomas depressivos nas manifestações de dor e na 
capacidade destas queixas contribuírem para a identificação de indivíduos com 
osteoartrose radiográfica (artigo III). 
 
4. Compreender a relação entre as características radiográficas de osteoartrose, 
dor, função e qualidade de vida analisando as diferenças entre o joelho e anca 
(artigo IV). 
 
 
Métodos 
Relativamente ao primeiro estudo foi efetuada uma revisão sistemática nas 
bases de dados da PubMed e SCOPUS no período entre Janeiro de 1995 a 
Fevereiro de 2011. Os dados sobre a incidência e prevalência da osteoartrose 
foram analisados de acordo com os diferentes métodos de avaliação: diagnóstico 
auto-declarado, radiográfico e sintomático (clínico e radiográfico). As estimativas 
de prevalência foram combinadas através de uma meta-análise, as medidas 
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sumárias e a heterogeneidade entre estudos foram quantificadas usando o STATA 
versão 9.2. 
Os estudos 2, 3 e 4 foram desenvolvidos no âmbito da coorte EPIPorto. Os 
dados foram recolhidos através de um questionário estruturado sobre dados 
sociais, demográficos, comportamentais e clínicos. A dor foi avaliada utilizando um 
conjunto de perguntas reportando diferentes períodos de tempo (alguma vez teve 
dor, dor no último ano, dor nos últimos seis meses e dor no último mês). Os 
sintomas depressivos foram avaliados utilizando o Inventário de Depressão de 
Beck (BDI). A qualidade de vida foi avaliada utilizando o Medical Outcomes Study 
Short Form 36 (SF-36). O index de Lequesne para o joelho e para a anca foram 
aplicados num sub-grupo de participantes para a avaliação da funcionalidade. 
Foram realizadas radiografias das ancas, joelhos, mãos e coluna, observadas por 
um único avaliador e classificadas de acordo com a escala de Kellgren-Lawrence 
(KL).  
As dimensões e consistência interna das questões da dor foram avaliadas 
através de análise fatorial para variáveis dicotómicas (latent trait model) e pelo 
cálculo do Alfa de Cronbach, respetivamente. Estas questões foram utilizadas 
para formar uma escala de dor, e os participantes foram classificados como não 
tendo dor (score -1), com dor, mas sem mais nenhuma resposta positiva (score 0) 
e com score 1, 2 e 3 de acordo com o número de respostas positivas. A análise de 
componentes principais foi utilizada para identificar padrões radiográficos para o 
joelho e anca. 
No que diz respeito ao artigo 2, as associações foram quantificadas através 
dos coeficientes de regressão multivariada e odds ratio proporcionais (POR) e 
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respetivos intervalos de confiança a 95% (IC 95%). Para avaliar a plausibilidade 
das associações foi efetuada uma path analysis e uma árvore de classificação 
para perceber as variáveis associadas à osteoartrose radiográfica. 
No artigo 3, para estimar a associação da dor com as alterações 
radiográficas do joelho, tendo em consideração os sintomas depressivos (BDI≥ 14), 
foi utilizado o odds ratio (OR) e respetivos IC 95%, calculados por regressão 
logística, ajustados para a idade, IMC e sexo. A capacidade da escala de dor no 
joelho para discriminar/identificar os participantes com ou sem osteoartrose 
radiográfica foi resumida através da sensibilidade, especificidade e likelihood ratio 
(LR), estratificando por sexo e pontuação de BDI. 
No artigo 4, foi efetuada uma regressão linear e calculados POR para 
estimar a associação entre as alterações radiográficas, dor, funcionalidade e 
qualidade de vida. 
 
 
Resultados 
 
Artigo 1 
Setenta e dois artigos foram incluídos na revisão (nove reportaram dados 
de incidência e 63 de prevalência). Maiores prevalências foram observadas 
quando a definição de osteoartrose radiográfica foi utilizada, independentemente 
da idade. A meta-análise das estimativas de prevalência mostrou uma grande 
heterogeneidade entre os estudos, mesmo dentro do grupo de estudos que 
utilizavam a mesma definição de osteoartrose. Embora o joelho seja a articulação 
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mais estudada, as estimativas mais elevadas de prevalência da osteoartrose 
foram encontradas nas articulações das mãos.  
A osteoartrose do joelho tende a ser mais prevalente em mulheres do que 
nos homens, independentemente da definição utilizada, mas não se verificaram 
diferenças entre sexos na prevalência de osteoartrose na anca e nas mãos. A 
escassa informação sobre a incidência de doença, não permitiu fazer qualquer 
inferência relativamente às diferenças em função da definição utilizada. 
 
Artigo 2  
Através da path analysis verificamos que um aumento da idade [POR=1.05 
(1.04-1.06)] e do IMC [POR=1.08 (1.06-1.10)] estavam associados a um maior 
score radiográfico, não se verificando, no entanto, associações estatisticamente 
significativas para o sexo [POR=1.01 (0.85-1.19)]. A árvore de classificação 
estimou a idade como a primeira variável para identificar os indivíduos com 
alterações radiográficas do joelho≥56.5 anos. Nos indivíduos com idades entre 
42.5 e 46.5 anos, apresentar um IMC ≥31.1kg/m2 é a característica mais relevante; 
por fim, nos participantes com idade <42.5 e com IMC <31.1 kg/m2, é a dor, com 
uma pontuação na escala de dor ≥ 1.5, que potencia a identificação dos doentes 
com score radiográfico KL≥2, no joelho . 
 
Artigo 3  
Verificamos que 53.2% dos participantes com score radiográfico KL≥2 
apresentavam dor no joelho, este valor foi 33.2% nos indivíduos com score KL<2. 
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A prevalência de sintomas depressivos (BDI>14) foi de 19.9% entre os 
participantes com score KL≥2 e 12.6% entre aqueles com KL<2 (p = 0.01). As 
queixas de dor aumentam significativamente com a gravidade das alterações 
radiográficas e a associação foi mais forte em participantes sem sintomas 
depressivos. Entre os participantes com BDI≤14 o LR para identificar participantes 
com alterações radiográficas do joelho aumentou com o aumento da pontuação na 
escala de dor: 1.02 para o score 1; 2.19 para o score 2 e 7.34 para o score 3. 
Entre os participantes com sintomas depressivos (BDI>14), os LRs foram de 0.51, 
1.92, 1.82, respetivamente. Estes resultados foram semelhantes para ambos os 
sexos. 
 
Artigo 4  
Observamos a presença de osteoartrose radiográfica do joelho (KL≥2, pelo 
menos num componente articular de uma das articulações) em 46.8% dos 
indivíduos e osteoartrose radiográfica da anca em 24.1% dos participantes. A 
prevalência de osteoartrose sintomática (KL≥ 2 e dor na articulação em questão) 
foi de 26.0% no joelho e 7.0% na anca. No joelho, o aumento no score radiográfico 
aumenta a probabilidade de uma pontuação mais elevada na escala de dor 
[POR=1.58 (1.27-1.97)] e verificamos também, através da regressão linear, estar 
associado com um piores pontuações ao nível da qualidade de vida, 
nomeadamente nas funções: estado geral de saúde [β =-3.05 (-5.00; -1.09)], 
função física [β =-4.92 (-7.03; -2.80)], desempenho físico [β =-4.10 (-8.08; -0.11)], 
dor corporal [β=-2.96 (-5.45; -0.48)]. Também verificamos um aumento das 
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limitações nas atividades da vida diária [β=0.48 (0.08; 0.89)] com o aumento no 
score radiográfico no joelho. Relativamente à anca não foram encontradas 
associações significativas entre a gravidade das lesões radiográficas e as medidas 
de qualidade de vida e de funcionalidade. 
 
Conclusões 
A revisão sistemática mostrou que as estimativas de doença variam em 
função da definição utilizada, sendo as prevalências maiores quando não é tida 
em conta a informação das queixas do doente (osteoartrose radiográfica).  
A idade, o IMC e as queixas de dor são aspetos fundamentais para a 
identificação de doentes com alterações radiográficas no joelho. No entanto, a 
presença de sintomas depressivos, reduz o valor discriminativo das queixas de dor 
na identificação dos participantes com alterações radiográficas no joelho. 
As associações entre as alterações radiográficas na osteoartrose, a dor, 
função e qualidade de vida são diferentes de acordo com a articulação afetada. 
Sendo a associação significativa no joelho e não na anca.  
Estas conclusões apresentam implicações em termos de prática clínica e 
devem ser tidas em consideração em futuros estudos que envolvam o diagnóstico 
e tratamento da osteoartrose. 
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1. General Introduction 
 
1.1. Osteoarthritis Epidemiology  
 
Osteoarthritis is the most common musculoskeletal disorder worldwide (1) 
and an increasingly important public health concern (2). Epidemiologic 
characterization of osteoarthritis is required as a basis for decisions on health 
prevention and treatment programs (3).  
Osteoarthritis case definition can be based on pathological changes seen on 
x-ray, by the presence of joint signs and symptoms or both (3). But the signs and 
symptoms are not specific, and the radiographic changes reflect a gradual 
pathological process for which no time of onset can be defined (4). Gradual 
radiographic evidence of joint damage and an increase in the amount of pain and 
physical disability are indicators of osteoarthritis progression (5). However, no solid 
linear relation has been established between symptoms and radiographic changes 
(4). One of the problems in defining the disease is that many people with positive 
radiographic findings report no pain or disability (6). Moreover, some individuals 
report symptoms but show no evident radiographic changes (7).  These aspects 
cause difficulties in osteoarthritis case ascertainment and patients’ identification. 
The exact incidence and prevalence of osteoarthritis is difficult to determine 
because the clinical features do not always correspond to the structural changes 
(8). More sensitive imaging techniques such as magnetic resonance imaging, have 
demonstrated more frequent structural abnormalities than those detected by 
radiographs, allowing a more comprehensive approach to the pathophysiology of 
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the disease (9).  
Despite these difficulties in disease estimates, it is known that prior to age 
40, the incidence is lower and most frequently is secondary, commonly due to 
trauma (10). The prevalence increases between 40 and 60 years, and there is a 
linear increase in the prevalence in later ages (11). Worldwide estimates indicate 
that 9.6% of men and 18% of women of 60 or older probably have symptomatic 
osteoarthritis (4).  
The estimates of osteoarthritis seem to change according to the case 
definition used but also by the specific joint(s) under study and the characteristics 
of the studied population (1). For example in knee, the prevalence ranges from 
6,3% in Greece (12) to 68,4% in the UK (13); in hip, from 0.9% in Greece (12) to 
23% in Croatia (14); in hand from 2% in Greece (12) to 77,1% in Israel (15). This 
large range of estimates found in the literature is most likely explained by 
geographic variations but mainly because of the osteoarthritis definition used (3, 
16, 17). 
In Portugal, the National Health Institute Dr. Ricardo Jorge, in a report on 
the most prevalent chronic diseases, identified that 24% of the participants 
reported suffering from some form of rheumatic disease (18). Particularly, as far as 
osteoarthritis is concerned, general data presented by the Portuguese League 
Against Rheumatic Diseases estimates that probably 6% of the Portuguese 
population has the disease (19); the Portuguese Directorate-General for Health, in 
a report from 2003, described that the prevalence of osteoarthritis was 
approximately 3.8% in knee and 1.3% in hip (20). Also in Portugal, Costa et al (21) 
study, estimated that the self-reported prevalence in adults above 18 years old, in 
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the knee was 11.1% (95% CI: 9.4-13.1), [5.9% (95% CI: 3.9-8.6) in men and 14.2% 
(95% CI: 11.8-16.9) in women] and for the hip 5.5% (95% CI: 4.3-7.0), [2.2% (95% 
CI: 1.1-4.2) in men and 7.4% (95% CI: 5.7-9.5) in women]. Other important data is 
presented by the National Observatory of Rheumatic Diseases (ONDOR) that 
estimated radiographic knee osteoarthritis, in subjects older than 40 years, was 
56.9% [95% Confidence Interval (CI): 51.6-62.1] in men and 57.7% (95% CI: 63.3-
62.0) in women; radiographic hip osteoarthritis was 54,8% (95% CI: 38.7-70.2) in 
men and 24.5% (95% CI: 20.4-28.9) in women; symptomatic disease estimates 
were 6,0% (95% CI: 3.7-9.2) in men and 15.8% (95% CI: 12.6-19.5) in women for 
knee; 2.4% (95% CI: 0.1-12.8) in men and 2.2% (95% CI: 1.0-4.1) in women, for 
hip (22).  
There is relatively little information worldwide on the incidence of 
osteoarthritis compared to prevalence data (23). As far as incidence is concerned, 
for example, in the USA, the age and sex standardized incidence rates for 
symptomatic osteoarthritis were 0,24 person-years for the knee, 0,09 person-years 
for hip and 0,1 person-years for the hand (24). Grotle et al., 2008 (25), in Norway, 
found a cumulative incidence of 7.3% (95% CI: 5.7-9.0) in the knee, 5.8% (95% CI: 
4.3-7.3) in hip and 5.6% (95% CI: 4.2-7.1) in hand joints. To our knowledge, in 
Portugal no published data is available for osteoarthritis incidence.  
Both prevalence and incidence estimates of osteoarthritis show a large 
range of estimates probably because of case ascertainment (26). A recent review 
found the discordance between knee pain and radiographic knee osteoarthritis 
occurred due to x-ray view, pain definition, osteoarthritis grading and demographic 
factors (27). Nevertheless, despite these large range of estimates, with the 
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increase in life expectancy, it is expected that osteoarthritis prevalence will 
continue to rise and it is estimated that it will be the fourth leading cause of 
disability worldwide by the year 2020 (4). 
 
 
1.1.1. Pathophysiology and treatment approaches 
   
Rheumatic diseases are conditions and functional disorders of the 
musculoskeletal system of non-traumatic causes (28). These diseases are a 
diverse group of conditions that involve different pathophysiology changes in the 
musculoskeletal structures and are frequently associated with pain and function 
disability (29).  
Osteoarthritis is the most common rheumatic disease. It is as yet an 
irreversible disease, which leads to pain and loss of joint function. The main 
characteristic of the disease is the loss of articular cartilage, but other structures 
also appear to play an important role in the disease process. The biology of 
osteoarthritis is very broad and covers several different tissues and a vast number 
of molecular players (30). Although the majority of patients show inflammation in 
their affected joints, the pathological role of inflammation in the disease 
development and progression is not completely clarified. Inflammation can be a 
local process but it has its systemic counterpart (16, 30). Osteoarthritis 
pathologically affects all structures of the joint, and understanding the process of 
disease and its progression needs a correct appreciation of changes in each joint 
structure (31). 
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Histologically, the disease is characterized by early fragmentation of the 
cartilage surface, cloning of chondrocytes, vertical clefts in the cartilage, variable 
crystal deposition, remodelling, and eventual violation of the tidemark by blood 
vessels (32). In true, the main pathologic finding is the degradation of articular 
cartilage (30); since articular cartilage has a limited ability to recover from disturbed 
catabolic and anabolic processes, osteoarthritis may result as a consequence of a 
failure to keep such equilibrium, which may have different aetiologies, but with 
similar biological, morphologic and clinical outcomes (32). The chondrocytes 
themselves contribute to the degradation of articular chondrocytes, by enzymatic 
degradation of the extracellular matrix (chondrocytic chondrolysis). These cells, 
which in healthy cartilage maintain the homeostasis of this tissue, are not able to 
preserve articular cartilage in osteoarthritis. Since chondrocytes play a crucial role 
in articular cartilage homeostasis, the regulation of chondrocyte behaviour is a 
central theme in research (30).  
But the disease process not only primarily affects the articular cartilage but 
also involves the entire joint, including the subchondral bone, ligaments, capsule, 
synovial membrane and peri-articular muscles (32). Bone remodeling and attrition 
occur relatively early in the disease process caused by fibrocartilage degeneration, 
chondro-osteophytes, protrusions, subsynovial inflammatory cells and synovium 
cell hyperplasia (33); activated synovium secretes excess synovial fluid, leading to 
capsular swelling. This swelling, through a spinal reflex, inhibits complete activation 
of muscles bridging the joint (arthrogenous inhibition) and this, combined with lack 
of use, leads to muscle weakness and atrophy (31, 34). 
In general, osteoarthritis may be a slow but efficient repair process that often 
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compensates an initial trauma/metabolic/systemic change, resulting in a 
structurally altered but symptom-free joint. In some people, however, either 
because of overwhelming insult or compromised repair potential, the process 
cannot be compensated, resulting in continuing tissue damage and eventual 
presentation with symptoms and ‘joint failure’(35).  
Osteoarthritis is a disease of the ‘whole joint’, which involves a complex 
series of molecular changes at the cell and matrix, with complex changes within 
tissues (26). It has a multifactorial etiology and can be considered the product of 
interactions between systemic, mechanical and local factors within the joint (1); this 
may explain the variability in the clinical presentation and outcome, both between 
individuals and at different joint sites (9). These aspects should be considered both 
in clinical and epidemiological osteoarthritis case ascertainment. 
 
Osteoarthritis pathophysiological changes are responsible for the clinical 
signs and symptoms (36). Pain and function disability are two of the main 
consequences (37) and since it is a degenerative progressive disease, higher 
levels of pain and disability are expected with the course of the disease (31). 
These symptoms contribute to the degree of disability, expressed in the difficulty of 
normal occupation tasks and activities of daily living (13). Osteoarthritis of the large 
joints reduces people’s mobility: 80% of people with this condition have some 
degree of limitation of movement and 25% cannot perform their major daily 
activities (4, 31, 38). In small joints such as the hands and fingers many ordinary 
tasks became difficult  and painful (39). 
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The understanding of osteoarthritis and its manifestations has expanded in 
recent years; so have the therapeutic and treatment options to manage the disease 
(40). Clinical recommendations for diagnosis and treatment are well established 
and provide clear guidance to allow  early identification and appropriate therapeutic 
intervention (11). While recent studies have tested new treatments for osteoarthritis, 
many have failed to identify treatments that successfully modify the structural 
pathology or prevent joint deterioration (31). 
The major goals of treatment are pain control with minimal adverse effects, 
maintenance or improvement of joint mobility and function, and improved health 
related quality of life (8). Treatment should be tailored to each individual. Because 
no single therapy is adequate, the major clinical guidelines for disease 
management generally agree that therapy should involve a combination of non-
pharmacologic and pharmacologic therapies (11). 
American College of Rheumatology and European League Against 
Rheumatic Diseases recommendations were recently reviewed. Pharmacologic 
modalities recommended for the initial management of patients with osteoarthritis 
include acetaminophen (paracetamol), oral and topical non-steroidal anti-
inflammatory drugs, tramadol, and intra-articular corticosteroid injections, 
glucosamine, chondroitin sulphate and other nutritional supplements. Intra-articular 
hyaluronate injections, duloxetine, and opioids are conditionally recommended in 
patients with an inadequate response to initial therapy. Surgical procedures are 
advised in patients with a long course of disease and/or untreatable pain or 
disability with non-surgical methods: surgical options include lavage/debridement, 
correction osteotomy and arthroplasty (1, 41-44). 
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Non-pharmacologic modalities for osteoarthritis are quite diverse but broadly 
divided into educational and physical approaches (11). Educational approaches 
are based on lifestyle patterns changes (including diet and exercise). Physical 
exercises include aerobic activity, muscle strengthening and range-of-motion 
exercises. Physiotherapy strategies such as manual therapy are also 
recommended for some patients (11). 
Non-Pharmacologic modalities recommended by the American College of 
Rheumatology for the management of osteoarthritis include joint protection 
techniques, provision of assistive devices, splints, walking aids, taping techniques, 
thermal modalities, manual therapy, weight loss for overweight patients, self 
management programs and psychosocial interventions (41).  These 
recommendations have different levels of evidence and should be made according 
to the specific joint(s) involved and individual characteristics.  
European League Against Rheumatic Diseases  non-Pharmacologic options 
comprise self-management, education and information, exercise, weight reduction, 
acupuncture, electromagnetic therapy stick insoles, physical therapy strategies and 
walking aids (1, 42, 43, 45). These guidelines (here generally described) have also 
different levels of evidence. 
Recommendations for osteoarthritis refer to non-pharmacologic therapies as 
the "cornerstone of the disease management," and state that pharmacologic 
therapies should function as add-on therapy to non-pharmacologic treatment, the 
latter of which should be maintained through the course of the disease (11). 
Although current therapeutic approaches are primarily symptomatic in 
nature, there is nevertheless the potential to use available treatments to ameliorate 
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the effects of osteoarthritis on quality of life and to potentially reduce the costs 
associated with the disease (11). The application of these new sources of 
knowledge about the disease process holds promise for the development of new, 
potentially disease-modifying pharmaceuticals (46). 
 
 
 
1.1.2. Burden of Disease 
  
Osteoarthritis is a chronic degenerative disease and with the ageing 
population it has become the most common cause of severe long term pain and 
disability, leading to huge healthcare and social costs (29). At present, 
osteoarthritis is one of the leading causes of burden of disease in Europe specially 
considering disability adjusted life years and years lived with disability (29) but the 
population aging trend makes the estimates for the future even higher (25, 47).  
Estimates of the burden need to take into consideration economic, social 
and/or psychological costs or losses to the patient, the family and/or to society 
(48).  Although osteoarthritis is considered both a common and highly burdensome 
disease, few studies worldwide have focused on this issue (49). Moreover, the 
comparability across studies is quite limited, highlighting the importance of 
standardized methodologies in cost-of-illness studies (48). 
Economic evaluation is an important marker of the impact of the disease on 
society (49). Information on the impact and overall costs of this rheumatic disease, 
whose management involves medical and non-medical strategies (42), is essential 
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to allow accurate planning of healthcare needs and treatment options (26). 
Therefore, direct, indirect and intangible costs need to be measured.  
Direct costs are defined as the resources used in research, prevention, 
detection, and treatment of disease (47). They comprise medical and non-medical 
costs and should also include patients’ out-of-pocket expenses (50) for example, 
all visits to health professionals, image and laboratory tests, all medications taken, 
hospital admissions/emergencies and surgeries; and non-medical costs: help at 
work, home, and self-care, adaptive aids, devices, and transport.  
The indirect cost are those incurred not as a result of medical management 
of the disease but rather those incurred as losses, such as lost wages and 
expenditure resulting from the need for home, family or assistance care (49). In 
addition to indirect health care costs to the individual, the impact of osteoarthritis 
on the state include loss of productivity from reduced workforce participation, lost 
income, taxation revenue, and increased government support payments (51). 
In a systematic review including 10 studies, after adjusting to 2005 US 
dollars, annual direct costs per patient, were $9147 in Hong Kong, $4792 in USA, 
$2878 in Canada, $1271 in Italy, and $345 in France (52). Regarding indirect 
costs, only 5  studies reported data and the highest indirect costs were $9847 per 
patient, per annum, in Canada and the lowest were $864 in Hong Kong (52). More 
recently in Spain, Loza et al.,(53) found annual cost per patient was 1502€;  the 
direct costs represented 86% and the indirect 14% of the total expenditure.  
Higher disease-related costs seem to be associated with greater pain levels, 
poorer social function and mental health, and longer duration of disease (54). 
Studies show that higher direct costs are associated with more complex 
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procedures namely joint replacement surgeries (52). As far as indirect costs are 
concerned, Gupta et al, (55) found that time lost from employment by participants 
and their unpaid caregivers accounted for 80% of the total indirect costs. 
Osteoarthritis represents an important burden for individuals and health care 
systems (50). Despite the magnitude of the problem, in Portugal there is no 
published data on specific direct and indirect costs, to allow comparisons (19). 
Nevertheless, the National Observatory of Rheumatic Diseases (ONDOR) 
published important data that allows understanding some interesting aspects of the 
disease burden. Between 2004 and 2008, an overall increase was observed in the 
consumption of drugs for osteoarthritis, mainly due to an increase in the 
consumption of glucosamine. With respect to hospital admissions due to 
osteoarthritis and associated disorders, an increasing number of admissions in 
females was observed. However, with the exception of men under the age 50, it, a 
tendency was also found in both sexes for an increase in the number of patients 
discharged from the hospital, accompanied by a decrease in their average length 
of stay (56). 
The Portuguese Society of Rheumatology estimates that in 1997 all 
rheumatic diseases were the first reason for a medical visit (23% of total cases), 
the first cause for early retirement and caused disability in 98% of the patients with 
rheumatic disease (57).  
Apart from the direct and indirect costs cited, there are also intangible costs 
such as pain, suffering and changes in patients’ quality of life (47, 52). These are 
key issues to evaluate the burden of osteoarthritis, since this pathology can 
profoundly affect many aspects of the daily life of the individual, including quality of 
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life, mental well-being and emotional relationships (26). However, this kind of cost 
is even harder to evaluate and frequently not considered as cost-of-disease. 
In conclusion, studies on osteoarthritis burden of disease are consider to 
underestimate the real costs of the disease (50). Furthermore, these estimates 
also seem to be influenced by methodological, populational and geographic 
aspects (52) 
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. 
1.1.3. Risk Factors 
 
Osteoarthritis is a complex disease which, through a combination of 
structural, mechanical, and biological pathways, causes degeneration of the joint 
components (12). It has a multi-factorial etiology and can be considered the 
product of interplay between systemic and local factors (1, 13). Knowledge of risk 
factors for osteoarthritis makes it possible to identify those individuals and groups 
who are at greatest risk, providing insights into disease biology and suggesting 
ways to prevent or treat the disease (26). 
The relative importance of risk factors may vary for different joints and 
according to the stages of the disease (1, 3). Additionally, as we reported 
previously, osteoarthritis is associated with a range of intrinsic, behavioural and 
environmental risk factors and determinants. It is difficult to make a distinction 
between single and clustered risk factors associated with the disease development 
or progression (42).  
Osteoarthritis development and progression has been reported as having 
independent risk factors but these relations have not been always consistently 
established. Although the effect of modifiable and non-modifiable risk factors in the 
development and progression is in part known, it is still not completely understood 
(58). Risk factors for new-onset osteoarthritis may differ from those associated with 
increased risk of progression in those who already have the disease (31, 59).  
  
Genetic and genomic approaches have tried to find novel biological 
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pathways involved in osteoarthritis (60). Large-scale studies using the genome-
wide association approach are under way worldwide, and individual cohort studies 
are reporting that particular genes or polymorphisms within genetic regions 
predispose to high rates of disease (31). Through twin studies it has been well-
established that osteoarthritis and its endophenotypes are to a large extent 
genetically determined, but the underlying genetic variants are mostly unknown (60, 
61). The genetic architecture is similar to other complex diseases with contributions 
of several or even perhaps hundreds of genes, most of them having small effects 
and a few having large effects (60, 61). 
  Genetic association approaches have shown to be fruitful in identifying 
underlying genetic factors (3, 31, 60, 62). The most consistently confirmed genetic 
association is for a gene coding secreted frizzled-related protein-3 (usually called 
FRZB), an association reported especially in relation to the risk of hip osteoarthritis 
in women (61).  
It is also important to remember that the early onset of osteoarthritis can be 
distinguished, which usually represents a monogenic Mendelian disease type and 
can be mapped by linkage analysis in families, or nowadays by exome sequencing 
of affected subjects. On the other hand, in late onset, which represents the most 
common form of osteoarthritis with a usual higher age of onset (>60 years), genetic 
association approaches have been shown to be fruitful in identifying underlying 
genetic factors (3, 31, 60, 62). 
 
There seems to be growing recognition that osteoarthritis can have a 
multifactorial etiology that results from the interaction of several modifiable and 
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non-modifiable risk factors. Risk factors can serve as initiators for the development 
and/or progression of the disease that promote abnormal biochemical processes 
involving the cartilage, bone, and synovium, which over a period of years result in 
its characteristic features: degradation of articular cartilage, osteophyte formation, 
subchondral sclerosis, meniscal/fibrocartilage degeneration, bone marrow lesions, 
and synovial proliferation (63). 
Age is the strongest predictor of osteoarthritis development (59). The 
vulnerabilities of a joint that occur as part of the aging process make it susceptible 
to disease (26).  Age-related morphologic changes in articular cartilage are 
probably due to a decrease in chondrocytes’ ability to maintain and repair the 
tissue; chondrocytes undergo age-related decreases in mitotic and synthetic 
activity, exhibit decreased responsiveness to anabolic growth factors, and 
synthesize smaller and less uniform large aggregating proteoglycans and fewer 
functional link proteins (63). Diminished capacity for cartilage repair, hormonal 
changes and the cumulative effects of environmental exposures are also possible 
age-related mechanisms (64). Age also appears to be an independent factor that 
predisposes articular chondrocytes to apoptosis, because the expression levels of 
specific proapoptotic genes are higher in aged cartilage (63). Several studies 
support this associations: for example, incident knee osteophytes were found to 
increase by 20% per 5-year age increase (65); Andrianakos et al. (66) found 
age>50 was a risk factor for knee, hip and hand osteoarthritis. 
 Independently of age, osteoarthritis occurrence differs by gender, with 
females presenting higher risk of developing the disease than men. Gender 
differences seem to be less marked in older ages (16). The reason for these sex 
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differences are unclear, but some explanations are plausible: articular 
chondrocytes possess functional estrogen receptors, and there is evidence that 
estrogen can up-regulate proteoglycans synthesis (63). In support of a role for 
estrogens in osteoarthritis, there are studies indicating that estrogen replacement 
therapy may reduce the incidence of the disease (67)  although evidence is not 
always consistent (68, 69). For example, as far as progression is concerned, one 
4-year follow-up study showed no effect of estrogen plus progestin versus placebo 
on symptoms or disability in postmenopausal women (70).  
 Among the modifiable risk factors, overweight and obesity are recognised as 
risk factors both for the development (26) and for the progression of osteoarthritis 
(64), probably associated with the increase of load and stress in the joints and/or 
systemic changes (16, 71, 72). An increase in mechanical forces caused by 
overweight and obesity across weight-bearing joints is probably the primary factor 
contributing to accelerate the degenerative process (63). Therefore this association 
is thought to be different according to the joint site involved (66, 73).   
Another possible way to explain the effect of BMI on osteoarthritis is the pro-
inflammatory action of fat (30, 32); a systemic low-grade inflammation and through 
this mechanism associated with osteoarthritis (30, 32). Inflammation can be 
present as a local process but it can also have a systemic role (16, 30). Emerging 
data showing a crucial role for adipocytes in the regulation of cells present in bone, 
cartilage, and other tissues of the joint could also may be implicated in the 
pathophysiology (74). In order to better understand the role of obesity, other 
anthropometric measures, such as body composition, fat distribution and height, 
were also studied and, in general, a positive association was also found (75, 76). 
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Although they are less studied than weight and BMI, the independent effect of 
these variables is very difficult to measure since they are strongly related with 
weight (77). 
Excessive joint activity/stress is potentially aetiologically linked to 
osteoarthritis (78). Occupations involving repetitive, load-bearing activities are also 
associated with the development of the disease (26). Manual/physical work was 
found to be a risk factor for knee (78, 79), hip (73) and hand osteoarthritis (39). 
Low socio-economic status measured by a low educational level is related with 
blue collar activities and thus with a higher prevalence of osteoarthritis (25, 26, 75).  
 Physical activity confers a range of health benefits including joint health, 
muscle strength and weight management (80). Moderate/leisure physical activity 
levels appear to protect from osteoarthritis (81); on the other hand, high physical 
activity levels seem to increase the risk (58). This is probably due to the higher risk 
of injuries associated with sports activities. For example, a history of regular sports 
participation was found to be a risk factor for knee osteoarthritis (71) and a history 
of high-impact physical activity has been linked to the development of hand 
osteoarthritis (39).  
 Nutritional factors may also have an important role in osteoarthritis. 
Antioxidants are thought to confer protection against the disease progression and 
like in other  age-related diseases (26). Chondrocytes are potent sources of 
reactive oxygen species, which may damage cartilage collagen and synovial fluid 
hyaluronate, the macromolecule that accounts for the viscosity of synovial fluid (82). 
Since micronutrient antioxidants provide defence against tissue injury, high dietary 
intake of these micronutrients could be postulated to protect against osteoarthritis. 
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Results indicate that a high intake of vitamin C may be associated with a lower risk 
of knee osteoarthritis progression, but does not appear to prevent the onset of 
disease (83). There is also evidence from longitudinal studies that low dietary and 
serum levels of vitamin D may be associated with the development of hip 
osteoarthritis (81).  
High bone mineral density (16) is also thought to be related with 
osteoarthritis (84, 85). However, this is not always clear and associations change 
in different populations, joint sites and can be mediated by other factors such as 
vitamin D status (46). For example, Zhang et al., (86) found higher bone mineral 
density and bone mineral density gain decreased the risk of progression of 
radiographic knee osteoarthritis, but was associated with an increased risk of 
incident knee disease. 
 The majority of people with osteoarthritis have at least one co-morbid 
condition: the co-morbidities most frequently associated with osteoarthritis include 
peptic ulcer disease, renal disease, diabetes, cardiovascular disease, hypertension, 
peripheral vascular disease, depression, respiratory disease and obesity (87). Age 
increases the prevalence of co-morbid conditions and the presence of co-
morbidities increases the impact of osteoarthritis (10).  
Besides co-morbidities associated with age, other diseases can be the 
cause of the development and progression of osteoarthritis. For example, 
congenital dislocated hip is associated with the development of hip osteoarthritis 
(26). Individuals with a history of joint injury or trauma are more likely to develop 
osteoarthritis (76) both in the knee (72, 79), hip (73) and hand (39). We need to be 
aware that there may be a reverse causal relation between other chronic diseases 
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and osteoarthritis, but normally only for the secondary form of the disease (16). 
Furthermore, it is also important to understand that several other mechanical risk 
factors can contribute to the pathogenesis; specific biomechanical joint factors can 
contribute to osteoarthritis, such as misalignments, proprioceptive deficiencies and 
muscle weakness (10, 26, 72). 
 As in other conditions, each aspect is thought to be a risk factor for 
osteoarthritis not just because of one of the aforementioned reasons, but as a 
result of a combination of them (88), presenting a synergistic or cumulative effect 
(16). Modifying these factors may reduce the risk of osteoarthritis and prevent 
subsequent pain and disability (46). 
 
 
 
1.1.4. Definition and Diagnosis 
 
Case ascertainment is a major issue in osteoarthritis. The way the disease 
is defined or how patients are diagnosed can be influenced by clinical, socio-
demographic and psychosocial variables (26, 89). Since osteoarthritis is a 
progressive disorder, signs and symptoms may change over time (90). Additionally, 
an accurate evaluation may be problematic because of the difficulties in defining 
the condition and its point of onset (26).   
In a clinical setting, diagnosis is normally made using established methods 
such as radiographic changes and clinical guidelines, which are used as a 
“diagnostic reference” (42). Nevertheless, in population based studies no single 
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standard definition of osteoarthritis is used and self-reported, radiographic, or 
symptomatic (clinical plus radiographic) are commonly used definitions (13, 26, 
64). The World Health Organization (WHO) and Rheumatologic Health 
organizations such as the American College of Rheumatology and the European 
League Against Rheumatism, suggest that probably for a better case 
ascertainment, epidemiologic studies should focus on symptomatic definitions 
requiring the presence of signs and symptoms and also radiographic well defined 
features of osteoarthritis (1, 4, 91).  
In addition to the fact that osteoarthritis signs and symptoms are unspecific, 
their evaluation and interpretation should not include only an objective pathological 
evaluation, but should also consider the role of psychosocial variables that can 
influence case ascertainment (92, 93) and should be considered in osteoarthritis 
patients’ identification and management (94). 
 The diagnosis is influenced by multiple factors such as the lack of specific 
physical or laboratory findings and discrepancies between symptoms and the 
results of radiographic examinations (27, 41). In an attempt to overcome these 
difficulties evidence-based recommendations for the diagnosis of osteoarthritis 
were defined by the American College of Rheumatology and the European League 
Against Rheumatism. Although the pathophysiological changes of osteoarthritis are 
well described, differences between joint sites should be considered to improve 
case ascertainment since differences can be expected in the way articular changes 
produce pain and disability within different joints (64, 95, 96).  
The American College of Rheumatology guidelines for hand osteoarthritis 
include the presence of hand pain, aching, or stiffness and 3 out of 4 of the 
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following features (hard tissue enlargement of 2 or more of 10 selected joints; hard 
tissue enlargement of 2 or more distal interphalangeal joints; fewer than 3 swollen 
metacarpo-phalangeal joints; or deformity of at least 1 out of 10 selected joints) 
(97). For hip osteoarthritis, the presence of hip pain and at least 2 of the following 3 
features: erithrocyte sendimentary rate<20 mm/hour; radiographic femoral or 
acetabular osteophytes; or radiographic joint space narrowing (98). For the knee, 
there are 3 possible diagnosis recommendations (clinical, clinical plus laboratory 
and clinical plus radiographic). Clinical plus radiographic requires: the presence of 
osteophytes plus knee pain and at least 1 out of 3 of the following aspects: age>50 
years, stiffness <30 minutes and crepitus  (99). 
The European League Against Rheumatism evidence-based 
recommendations for the diagnosis of osteoarthritis state that, although specific 
aspects are defined for each joint, a confident diagnosis may be made according to 
symptoms (pain, stiffness and functional limitation) and signs on examination 
(crepitus, restricted movement and bony enlargement/deformation); plain 
radiography provides the morphological assessment of osteo-articular changes 
(but may be not necessary in some cases) and occasionally other investigations 
may be considered for the diagnosis of atypical situations or to exclude other 
possible conditions (44, 45, 100). 
Advances in the understanding of osteoarthritis have come from the study of 
imaging and chemical biomarkers, which have revealed new aspects of the 
pathogenesis and progression of the disease (63). Biomarkers provide useful 
diagnostic information by detecting cartilage degradation in osteoarthritis, reflecting 
disease-relevant biological activity and predicting the course of disease 
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progression (101). But, although some biological markers of joint metabolism might 
be significantly increased in a group of patients with osteoarthritis, these markers 
cannot be used as diagnostic tests in individual patients (102, 103).  Although 
several studies are underway, currently there are no reliable, quantifiable and easily 
measured biomarkers that provide an earlier diagnosis of osteoarthritis, information 
on the prognostic of disease and which can monitor responses to therapeutic 
modalities (101). 
 
 
 
1.1.4.1. Osteoarthritis Imaging 
 
Osteoarthritis is a metabolically active, dynamic process that involves all 
joint tissues (9, 30). Radiography is used to asses these morphological changes; 
classical features are focal joint space narrowing, osteophytes, subchondral bone 
sclerosis and subchondral ‘cysts’ (27). Radiographic osteoarthritis has long been 
considered the reference standard, and multiple ways to define radiographic 
disease have been devised (100). Case definition using radiology is useful 
because it represents an objective measure for osteoarthritis (26). The most 
frequently used radiographic definition is the 0-4  Kellgren–Lawrence (KL) score 
that considers a person with grade ≥2 as having radiographic disease (89). There 
are other currently used definitions such as Croft or Altman scores and others 
based on specific radiographic evaluation scores and parameters like joint space 
width (JSW), definite osteophytes, joint space narrowing (JSN) and bone sclerosis 
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(27, 100, 104). All these criteria are recognized to have advantages and limitations: 
for example, minimum values for JSW and JSN defining osteoarthritis have ranged 
from authors, and until recently the natural distribution of JSW had not been 
evaluated in asymptomatic subjects (105, 106). It is known that minor changes in 
positioning of the joint can create dramatic changes in the appearance of a 
radiograph (26). There is currently debate as to what are the best radiographic 
definitions of osteoarthritis (16, 104). 
Radiographs are insensitive to early disease onset and are in part 
insensitive to the disease progression, because of their poor reproducibility (26). 
Articular cartilage loss or damage is detected by radiography and measuring 
decreases in joint space width on the radiograph is the major finding; however, 
radiographic evidence is seen only after significant cartilage degradation has 
already taken place. The early stages of the disease may remain latent and 
asymptomatic for many years (101, 107). 
Another reason why a focus on radiographs in osteoarthritis studies is 
problematic is because radiographs do not visualize many important joint 
structures whose pathology may be central to the study of the disease (26). 
Radiographs accurately image bony abnormalities and provide indirect evidence of 
cartilage loss through the evaluation of JSN, but they do not image cartilage 
menisci, labrum or ligaments directly. Furthermore, they provide little evidence of 
the existence of synovitis and imaging of effusions. Although bone is imaged, bone 
marrow lesions are not imaged on radiograph (26).  
One major alternative to radiographic evaluation is magnetic resonance 
imaging that directly visualizes most of the important anatomic structures, including 
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hard and soft tissue structures; it can detect focal and diffuse cartilage changes 
and is less vulnerable to changes in joint position than radiography. Magnetic 
resonance imaging also can visualize damage in other soft-tissue structures in and 
around the joint, meniscal disruption, subchondral marrow lesions and synovitis 
changes (26). Nowadays, this is the most precise modality in morphologic 
assessment of the disease allowing the evaluation of early joint changes, but 
commonly not necessary  (108). It does provide a rich set of information but 
besides economic reasons, it has not been validated adequately regarding  
evaluation of the presence of disease, whereas radiographs serve as an accepted 
standard for end point definitions in magnetic resonance (26). Further imaging 
modalities (eg. computer tomography, sonography, scintigraphy) are seldom 
indicated for diagnosis and are normally used in specific situations (64, 109, 110). 
Laboratory tests on blood, urine or synovial fluid are not frequently required 
for the diagnosis but may be used to confirm or exclude coexistent inflammatory 
disease (eg, pyrophosphate crystal deposition, gout, rheumatoid arthritis) in 
patients with suggestive symptoms or signs (1). There is a need for reliable new 
biomarkers and diagnostic tests that can facilitate earlier diagnosis of osteoarthritis 
and understand its progression (101, 107). 
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1.1.4.2. Osteoarthritis Signs and Symptoms 
 
Clinically, the condition is characterized by joint pain, tenderness, crepitus, 
stiffness and limitation of movement with occasional effusion and variable degrees 
of local inflammation (29). 
Greater pain and loss of physical function are common, particularly among 
those in advanced stages of disease and with greater number of comorbidities (11). 
The impact or loss of quality of life from osteoarthritis derives mainly from two 
sources; pain and reduced capacity to undertake various activities (111). Pain and 
functional impairment are the key domains of osteoarthritis burden, and taken 
together they often exert a significant reduction in quality of life (111). 
The pain in osteoarthritis is frequently activity-related, with pain coming on 
generally in specific activities that induce it; constant pain frequently becomes a 
feature later in the disease (31). Patients frequently describe their pain as 
intermittent, at times disappearing and reappearing on a daily or weekly basis, or 
coming and going for months at a time (11). Data from focus groups in patients 
with osteoarthritis shed further light on the pain experience: symptoms are often 
episodic or variable in severity and slow to change; more persistent rest and night 
pain may occur in advanced disease (100). Several observations suggest that pain 
in osteoarthritis is not simply attributable to the structural changes in the affected 
joint, but the result of interplay between structural change, peripheral and central 
pain processing mechanisms (37).  
Pain varies in its severity and frequency from person to person and it is 
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impossible to define what level or frequency of pain should be used to define the 
presence of disease (100). ´Those who have severe radiographic osteoarthritis are 
more likely to report joint pain than those with milder radiographic disease (89). It is 
thought that the inflammation in joint components causes changes in the peripheral 
nervous system, affecting the afferent processing of nociceptive signals from the 
joint and surrounding tissues (31).  
Although inflammation is probably the main aspect triggering pain, in theory 
two types can be distinguished, according to pain behaviour: mechanical and 
inflammatory pain (112, 113). Mechanical pain is often described as a deep and 
dull ache, aggravated by prolonged use or after specific movements, the end of the 
day, or after an increased mechanical load (113). In contrast, the onset and 
frequency of inflammatory pain is less predictable; it can be triggered by, for 
example, weather changes, prolonged walking or a minor sprain; sometimes, 
inflammatory pain occurs as flares in the form of exaggerated pain in the 
background of mechanical pain (37). 
However, pain is not the only consequence of osteoarthritis experienced by 
patients. Pain is linked with function, with physical movements triggering pain, 
while pain, in turn, causes limitations in physical function (11). Joint stiffness 
particularly in the morning is also frequent: a “gelling” sensation of the joints, peri-
articular soft tissues and musculature, rendering the joint difficult and slow to move; 
sensation of instability or buckling and also an audible and palpable “cracking” or 
“crunching” over a joint during its active or passive movement are also common 
specially in later stages (37). This can be caused by pain, effusion, capsular 
contractures, muscle spasm or weakness, intra-articular loose bodies, mechanical 
  
50 
constraints and joint misalignment (11).  
Associated disability is another key element in osteoarthritis. It is frequently 
associated with articular limitation, stiffness and crepitus (10). Osteoarthritis 
causes changes in mobility and function; Patients frequently experience physical 
limitations, difficulties with personal care, work ability and even problems with 
maintaining their household (10, 114).  
 
Osteoarthritis often coexists with other conditions associated with aging and 
obesity, such as cardiovascular disease, diabetes and psychosocial problems (for 
example, anxiety, depression and social isolation) (9). All these aspects are 
thought to be associated with symptoms expression (115, 116). Furthermore, the 
physical, social and mental function of people with osteoarthritis may change 
according to the disease progression, and this understanding is of the utmost 
importance when trying to minimize the impact of the disease (94, 117, 118). The 
loss in quality of life is associated with decreased physical function, role limitations 
and pain; therefore normally mental health and social function are also reduced 
(11). People with osteoarthritis are more likely to self-identify as ‘disabled’ 
compared to those with other chronic conditions (119). Subjects may experience 
psychological symptoms, including anxiety, depression and helplessness (93). 
Depression can accompany any chronic condition, such as osteoarthritis, and can 
lead to significant worst prognosis of disease, probably due to the way patients 
express and experience their related symptoms (94, 117). For example it has been 
shown that the treatment of depressed individuals with osteoarthritis can improve 
pain, function, and quality of life scores (37).  
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Osteoarthritis is the most common joint disorder and accounts for more pain 
and disability among the elderly than any other disease (29); the correct 
identification and interpretation of osteoarthritis signs and symptoms is essential for 
an accurate diagnosis and early management. 
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1.2. Objectives 
 
This study was developed as part of the EPIPorto study, a population based 
cohort. The aim of this thesis was to understand the effect of different definitions in 
OA estimates, the association between radiographic characteristics, depressive 
symptoms and pain, and their relation with patients’ disability and quality of life. 
 
To attain the proposed aim we defined four specific objectives: 
 
1. To evaluate the effect of OA definition on prevalence and incidence 
estimates, through a systematic review (paper I). 
 
2. To investigate the potential role of age, gender, body mass index 
(BMI) and pain to identify patients with knee OA (paper II).  
 
3. To estimate the effect of depressive symptoms on the ability of knee 
pain symptoms to identify individuals with radiographic OA (paper 
III). 
 
4. To understand the relation between radiographic OA features, pain, 
function and quality of life and the differences between knee and 
hip joints (paper IV). 
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2.  Methods 
 
 2.1. Participants 
 
 Participants are part of the EPIPORTO study, a prospective cohort, 
comprising a representative sample of 2485 Portuguese adults (61.8% females), 
aged 18-92 years, resident in Porto, a large urban center in the north-west of 
Portugal.  
 In this cohort, previously described in detail (120), participants were 
recruited by random digit dialling using households as the sample unit. Once a 
household was selected, all residents were identified by age and sex, and one 
resident (aged more than 17 years) was randomly selected as the respondent, 
without allowing a replacement if there was a refusal. Inclusion criteria were adults, 
caucasian, with Portuguese nationality, non-institutionalized and resident in Porto. 
Of note is that during the recruitment period, 97% households had a telephone 
installed. Participants were invited to a face-to-face interview at the Department of 
Clinical Epidemiology, Predictive Medicine and Public Health of the University of 
Porto Medical School. The local ethics committee of S. João Hospital, a university 
hospital, approved the study protocol. All participants gave written informed 
consent to participate in the study, in accordance with the Helsinki Declaration. 
 The first evaluation of EPIPORTO was performed between 1999 and 2003. 
In this baseline evaluation we obtained a participation proportion of 70%, with 2485 
individuals evaluated; 61.9% were women and the mean (SD) age of the 
population was 52.9 (15.4) years. The re-evaluation of the cohort was between 
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2005 and 2008 and 1682 participants were re-evaluated (67.7% of the total cohort); 
62.2% were women and the mean (SD) age of the follow-up population was 57.4 
(14.7) years. Within the participants of the EPIPORTO follow-up, the first 1000 
were systematically selected for knees, hips, hands and spine radiographs. 
  
58 
2.2. Data Collection 
 
Evaluations were performed by trained interviewers at the Department of 
Clinical Epidemiology, Predictive Medicine and Public Health using a standard 
structured questionnaire regarding social, demographic, behavioural and clinical 
data. A physical examination was also performed.  
As part of the questionnaire, knee and hip pain were evaluated using a set 
of "yes/no" questions, on each joint separately. Firstly, participants were asked if 
they “ever had pain not related with any trauma or injury?”. If participants gave a 
positive answer they were asked to answer (yes/no) to three further questions: 
“In the last year did you have more than 3 pain episodes?”; 
 “During the last 6 months did pain last longer than a week?”; 
 “During the last month did you have pain?”.  
 
Pain intensity was also measured using the Visual Analogue Pain Scale (96) 
(0 to 100 mm)(121). VAS was used to measure overall pain, overall pain related 
with osteoarthritis, specific pain related with osteoarthritis for each specific joint 
affected.  
 
The Portuguese version of the Beck Depression Inventory (BDI) was used to 
evaluate depressive symptoms (122). It is composed of 21 items, evaluating 
symptoms and attitudes, covering emotions, behavioural changes, and somatic 
symptoms in the previous 2 weeks before the evaluation. The final score ranges 
from 0 to 63, with higher scores representing more severe depressive symptoms 
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(123). 
 
Quality of life was evaluated using the Portuguese version of the Medical 
Outcomes Study Short Form 36 (SF-36) that contains 36 items that cover eight 
subscales: physical function, role-physical, bodily pain, general health, vitality, 
social function, role-emotional, and mental health (56).  
 
Anthropometric measurements were performed with subjects in light clothing 
and barefoot under standard procedures. Weight was measured to the nearest 0.1 
kg using a digital scale (SECA®), and height was measured to the nearest 
centimeter using a wall-stadiometer (SECA®); then using BMI [weight (kg)/height 
(m2)] we classified participants in three categories (< 25.0 kg/m2 underweight or 
normal; 25.0 to 29.9 kg/m2 overweight;  ≥30 kg/m2 obese) (124).  
 
 Weight-bearing antero-posterior (125) and lateral, semi-flexed (45º flexion) 
view (126) radiographs of knees were obtained. For the hip, standard anterior-
posterior weight-bearing radiographs (127) were taken. Radiographs were graded 
according to the Kellgren Lawrence score (KL), which was used to classified each 
radiographic point evaluated: Grade 0, none: no visible features of osteoarthritis; 
Grade 1, doubtful: questionable osteophytes or questionable joint space narrowing; 
Grade 2, minimal: definitive small osteophytes, little/mild joint space narrowing; 
Grade 3, moderate: definitive moderate osteophytes, joint space narrowing of at 
least 50%; Grade 4, severe: joint space impaired severely, cysts and sclerosis of 
subchondral bone (99, 128). Radiographs were scored only by one reader, 
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although he was unaware of the participants' clinical data. 
 
Clinical evaluation by the rheumatologist 
A few days after the first interview a structured clinical evaluation by a 
rheumatologist took place. Participants were invited for the rheumatologist 
evaluation if they fulfilled at least one of the four following criteria: (1) have 
consulted a physician because of their pain in the last year and been prescribed 
any complementary diagnostic exam or treatment; (2) had more than 3 pain 
episodes in the last year and a score≥60 mm in the visual analogue pain scale; (3) 
had at least one pain episode in the last month with at least one week duration; (4) 
had pain in the last month and a score≥60 mm in the visual analogue pain scale 
(129).  
Using these defined criteria, with cut-off points regarding the frequency of 
painful episodes and intensity of perceived pain (129), 497 participants were 
selected for evaluation by a rheumatologist. During the visit to the rheumatologist, 
specific clinical data was obtained and a physical exam was performed. The 
Lequesne index for knee and/or for hip osteoarthritis was also completed for those 
participants that reported knee or/and hip pain in the last week. Both knee and hip 
Lequesne indexes versions included the measurement of pain (5 questions), 
walking distance (1 question), and activities of daily living (4 questions). The scores 
range from 0 (no pain, no disability) to 24 (maximum pain and disability) (130). 
Points are allocated according to response so that higher values indicate greater 
severity (131). 
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2.3. Data Analysis 
  
 Paper I 
Systematic literature review was carried out on PUBMED and SCOPUS 
databases. Several combinations of terms and expressions were tried, including 
both MeSH and free text terms. By analysing the articles retrieved from each 
combination, we chose as final search expression: (osteoarthritis OR 
osteoarthrosis OR osteoarthroses OR arthritis OR arthrosis OR joint diseases) 
AND (prevalence OR incidence) AND (knee OR hip OR hand). The search was 
restricted to studies published between January 1995 and February 2011. We 
limited our search to “Humans” and to publications in English, Spanish, French or 
Portuguese. Additionally, we performed a manual search in the reference lists 
provided by the identified papers. Eligibility criteria were defined and 
methodological quality assessment was made. 
Papers were analysed by reviewers, who systematically extracted the 
information about joint site(s), osteoarthritis definition, authors, year of publication, 
study population and results. If prevalence estimates and 95% CIs were not 
described, but enough data was available, estimates were calculated using EPinfo 
version 3.5.1. 
Because a normal distribution is mandatory for the pooling of data, logit 
transformation was applied and weighted by inverse variance of logit transformed 
prevalence. Pooled prevalence estimates were computed by the DerSimoniane-
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Laird method assuming a random-effects model. Between-study heterogeneity was 
quantified through the I2 statistics. The I2 statistic described the percentage of 
variation across studies which was due to heterogeneity rather than chance. 
Stratified analyses were carried out according to population (hospital or population 
based), sex and age (<45, 45-59 and ≥60). The minimum age in each study was 
used as an indicator of age sample. The Mann-Whitney test was used for 
independent samples comparisons. These analyses were conducted with STATA® 
version 9.2. 
 
 
Paper II, III and IV 
In paper II, III and IV data analysis was performed using R® statistical 
software, considering a significance level of 5%. Continuous variables were 
described by mean (standard deviation - SD) for variables presenting a normal 
distribution and by median (25th–75th percentile) for skewed distributions. 
Comparisons were tested using, chi-squared for proportions and Student’s t test or 
Mann-Whitney test for continuous variables according to their distribution. The 
dimensionality and internal consistency of pain questions was assessed by factor 
analysis for dichotomous variables (latent trait model) and Cronbach’s Alpha, 
respectively, both for knee and hip. Principal components analysis was used to 
identify the patterns of radiographic knee and hip osteoarthritis features. 
In paper II, path analysis was performed allowing a simultaneous estimation 
of the interrelations between variables. To calibrate pain score between genders, 
we used equipercentile equating, where  scores in women and men are equivalent 
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if they have the same percentile rank. Models were fitted with Mplus software 
(Muthén and Muthén, Los Angeles, California); Proportional odds ratios were 
estimated for the association between age, sex, BMI, pain and radiographic 
changes. 95% CIs were calculated by bootstrapping; and goodness of fit was 
evaluated using the comparative fit index and the Akaike and Bayesian information 
criteria. 
Specifically in paper III, to estimate the association of pain score and 
radiographic knee osteoarthritis with depressive symptoms (BDI≥14) we used odds 
ratio (OR) and their 95% confidence interval (95% CI) calculated by logistic 
regression, adjusted for age, BMI and gender. The ability of the knee pain score to 
discriminate between patients with or without radiographic KL≥2 osteoarthritis was 
summarised by sensitivity, specificity and likelihood ratios 
(LR=sensitivity/(1−specificity))(132, 133), stratifying by sex and BDI score.  
Finally in paper IV, linear regression and proportional OR were calculated to 
estimate the association between radiographic changes, pain, disability and quality 
of life. 
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3.1. Paper I: The effect of osteoarthritis definition on prevalence and 
incidence estimates: a systematic review 
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Objective: To understand the differences in prevalence and incidence estimates of osteoarthritis (OA),
according to case deﬁnition, in knee, hip and hand joints.
Method: A systematic review was carried out in PUBMED and SCOPUS databases comprising the date of
publication period from January 1995 to February 2011. We attempted to summarise data on the inci-
dence and prevalence of OA according to different methods of assessment: self-reported, radiographic
and symptomatic OA (clinical plus radiographic). Prevalence estimates were combined through meta-
analysis and between-study heterogeneity was quantiﬁed.
Results: Seventy-two papers were reviewed (nine on incidence and 63 on prevalence). Higher OA
prevalences are seen when radiographic OA deﬁnition was used for all age groups. Prevalence meta-
analysis showed high heterogeneity between studies even in each speciﬁc joint and using the same
OA deﬁnition. Although the knee is the most studied joint, the highest OA prevalence estimates were
found in hand joints. OA of the knee tends to be more prevalent in women than in men independently of
the OA deﬁnition used, but no gender differences were found in hip and hand OA. Insufﬁcient data for
incidence studies didn’t allow us to make any comparison according to joint site or OA deﬁnition.
Conclusions: Radiographic case deﬁnition of OA presented the highest prevalences. Within each joint site,
self-reported and symptomatic OA deﬁnitions appear to present similar estimates. The high heteroge-
neity found in the studies limited further conclusions.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
In the group of musculoskeletal diseases, osteoarthritis (OA) is
thought to be the most prevalent1,2. The WHO Scientiﬁc Group on
Rheumatic Diseases estimates that 10% of the world’s population
who are 60 years or older have signiﬁcant clinical problems that can
be attributed to OA3. Since incidence and prevalence increase with
age, longer life expectancy will result in an increase of OA in the
future3,4.
OA can be deﬁned as a condition characterized by focal areas of
loss of articular cartilage within the synovial joints, associated witho: E. Ramos, Department of
ublic Health University of
, 4200-319 Porto, Portugal.
manuscript and declare “no
s Research Society International. Phypertrophy of the bone (osteophytes and subchondral bone scle-
rosis) and thickening of the capsule5,6. Epidemiological research in
OA faces some speciﬁc problems: different possible affected joint
sites with different pathologic patterns, the difﬁculty of making
a correct diagnosis, with unclear signs and symptoms and the need
for a radiographic examination for clinical conﬁrmation7,8. Addi-
tionally, a large proportion of people with radiographic evidence of
OA have no symptoms or disability9 and it is unclear whether such
people should be considered as having OA5. These difﬁculties have
led to the existence of several deﬁnitions of OA that may indeed
explain part of the heterogeneity in OA estimates10e12.
Radiographic OA, symptomatic OA and self-reported OA are the
most commonly used case deﬁnitions3. Radiographic deﬁnition
considers only pathophysiological joint signs present on radio-
graphic images13. Several radiographic scoring systems exist [e.g.,
KellgreneLawrence (KL) scale, Joint space width method, Croft
index, American college of rheumatology criteria]. The KL score of
2e4 is still the most widely used criteria in radiographic OA14,ublished by Elsevier Ltd. All rights reserved.
D. Pereira et al. / Osteoarthritis and Cartilage 19 (2011) 1270e1285 1271considering: grade 0, none: no features of OA; grade 1, doubtful:
questionable osteophytes or questionable joint space narrowing;
grade 2, minimal: deﬁnitive small osteophytes, little/mild joint
space narrowing; grade 3, moderate: deﬁnitive moderate osteo-
phytes, joint space narrowing of at least 50%; grade 4, severe: joint
space impaired severely, cysts and sclerosis of subchondral bone15.
Symptomatic deﬁnition considers OA cases when both radio-
graphic and joint symptoms related to the pathology (i.e., pain,
stiffness and loss of function) are present16. Additionally, we can
also ﬁnd studies based on self-reported information about previous
diagnosis of OA17.
Because early diagnosis and appropriate management can
minimize the effect of OA, clinicians and public health planners
should be aware of the prevalence and incidence of OA18. Although
it is likely that OA deﬁnition can inﬂuence prevalence and incidence
estimates, it is important to understand which other factors can
contribute to the different estimates, especially age, gender and
anatomic joint site. The aim of this study was to understand the
differences in prevalence and incidence estimates of OA, according
to case deﬁnition, in knee, hip and hand joints, through a system-
atic review of the literature.Methods
Data collection
A systematic literature review was carried out on PUBMED and
SCOPUS databases. Several combinations of terms and expressions
were tried, including both MeSH and free text terms. By analysing
the articles retrieved from each combination, we chose as ﬁnal
search expression: (osteoarthritis OR osteoarthrosis OR osteo-
arthroses OR arthritis OR arthrosis OR joint diseases) AND (preva-
lence OR incidence) AND (knee OR hip OR hand). The search was
restricted to studies published between January 1995 and February
2011. We limited our search to “Humans” and to publications in
English, Spanish, French or Portuguese. Additionally, we performed
a manual search in the reference lists provided by the identiﬁed
papers. We used the PRISMA (Preferred Reporting Items of
Systematic reviews and Meta-Analyses)19 and the MOOSE (Guide-
lines for Meta-Analyses and Systematic Reviews of Observational
Studies)20 guidelines in the planning and execution of this study.Eligibility criteria
The eligibility of studies was assessed using standardized
inclusion and exclusion criteria. We included papers, in the dates of
publication and languages earlier described, with cross-sectional or
longitudinal methodologies that evaluated prevalence or incidence,
using self-reported, radiographic (X-ray) and symptomatic (clinical
plus radiographic) deﬁnitions of OA in both genders, without age
limitations, for the knee, hip or hands joints. Papers were, in a ﬁrst
step, analysed according to their title and abstract and only those
considered deemed irrelevant for the study purpose were excluded
(in case of any doubt papers were fully analysed).
In a second stage, full text papers were analysed. We excluded
papers with other languages, that presented no original data;
articles related with OA pathophysiology, in vitro, or genetic
studies; articles on OA treatment/therapy and methodological
papers about questionnaires or instruments on OA. We also
excluded papers that evaluated other forms of arthritis, other joint
sites, papers based on other deﬁnitions beside self-reported,
radiographic or symptomatic OA. Furthermore we excluded
duplicated data, studies using sub-groups or speciﬁc populations,
populations with previous injury or pathology and all paperswithout results on prevalence or incidence of OA (or without data
to calculate them).
When several radiographic deﬁnitions were used in the same
study we selected data from the most commonly used deﬁnition
(preferably KL  2 to allow a better comparison, if available). For
hand OA, we only included studies that presented an overall
prevalence or incidence value for hand OA, normally deﬁned as OA
in any hand joint. When the same data was published in more than
one paper, we selected the paper with the most detailed descrip-
tion. Further description can be seen in Fig. 1.
Assessment of methodological quality
Different instruments to assess methodological quality have
been developed; based on a recent systematic review21 we used the
methodological scoring system described by Loney et al.22 to
evaluate the studies included. We chose this instrument because it
is speciﬁc for studies that estimate the prevalence and/or incidence
of a health problem. Reviewers classiﬁed studies according to eight
methodological items (one-point for each item covered) with
a maximum score of eight points. Item number 4 (Are objective,
suitable and standard criteria used for measurement of the health
outcome?) was considered positive for all studies since it was
a previous inclusion criteria.
Data extraction and analysis
We analysed studies according to OA deﬁnition and joint
studied. Search results were screened by two independent
reviewers according to eligibility criteria, further analysis was
undertaken in cases of doubt in any screening stage and conﬂicts
were resolved by consensus discussion. Prevalence was considered
as the number of existing cases and incidence considered the new
cases of disease in a populationwithin the time frame of each study.
Papers were analysed by reviewers, who systematically extracted
the information about joint site(s), OA deﬁnition, authors, year of
publication, study population and results. If prevalence estimates
and 95% conﬁdence intervals (CIs) were not described, but enough
data was available, estimates were calculated using EPinfo version
3.5.1.
Because a normal distribution is mandatory for the pooling of
data, logit transformation was applied and weighted by inverse
variance of logit transformed prevalence. Pooled prevalence esti-
mates were computed by the DerSimonianeLaird method
assuming a random-effects model23. Between-study heterogeneity
was quantiﬁed through the I2 statistics. The I2 statistic describes the
percentage of variation across studies that is due to heterogeneity
rather than chance24. Stratiﬁed analyses were carried out according
to population (hospital or population based), sex and age (<45,
45e59 and 60). The minimum age in each study was used as an
indicator of age sample. The ManneWhitney test was used for
independent samples comparisons. These analyses were conducted
with STATA, version 9.225.
Results
We found 7558 papers, of which 1091 were duplicated refer-
ences from databases; secondly, 6467 were assessed for both title
and abstract; we excluded 6141 which were not relevant for our
study purpose, and three studies for which we could not obtain the
complete article26e28. There remained 323 articles that were fully
analysed. In this phase, a further 45 were included from the
reference lists of the papers chosen for study.
Of the total 368 fully analysed articles, we excluded 296 (Fig. 1).
Finally, for this review we included 72 articles.
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Fig. 1. Flow diagram on literature search.
D. Pereira et al. / Osteoarthritis and Cartilage 19 (2011) 1270e12851272Assessment of methodological quality results
The potential range of our score of quality was 0e8 and the
overall mean score for methodological quality of studies included
in the analysis regarding prevalence was 5.9  0.9 and 6.9  0.8 for
incidence studies. As far as prevalence is concerned, the mean score
of studies according to the joint site evaluated was: 6.0  0.8 for
knee, 5.7  1.1 for hip and 5.7  0.8 for hand. No subgroup analysis
was made for incidence due to the small number of studies
addressing this issue. The proportion of studies that met each
criterion and the total score are presented in Table I. Lower scores
were found for items 7 (CIs and subgroup analysis) and 8 (study
subjects description) both in prevalence and incidence studies.
In order to better organize the contents according to OA case
deﬁnitionwe present each joint site in one table. Prevalence papers
on OA presented data for knee (n ¼ 45; Table II), hip (n ¼ 27;
Table III) and hand (n ¼ 20; Table IV). Only nine papers presentedTable I
Methodological quality evaluation of the studies included
Methodological quality item Prevalence st
(item compli
Knee
1. Random sample or whole population 97.7%
2. Unbiased sampling frame 97.7%
3. Adequate sample size (>300 subjects) 93.2%
4. Measures were the standard* 100%
5. Outcomes measured by unbiased assessors 97.7%
6. Adequate response rate (70%), refusers described 61.4%
7. CIs, subgroup analysis 13.6%
8. Study subjects described 38.6%
Total score (min 0emax 8) [Mean ± standard deviation (SD)] 6.0  0.8
* One-point score attributed to all studies.data on the incidence of OA, with data for knee (n ¼ 7), hip (n ¼ 4)
and hand (n ¼ 3) (Table V).
Prevalence
Radiographic deﬁnition is the most widely used criteria, and
was present in 58% of prevalence studies. Self-reported diagnosis
was, in general, the least commonly used, and generally in younger
populations. Analysing OA prevalence meta-analysis (95% CIs) by
sex and joint site, we can see that the hand is the joint site with
highest OA prevalence and the hip is the joint with the lowest
prevalence. Similar estimates were found by sex both for hand and
hip OA, but regarding knee OAwomen presented higher prevalence
values than men (P < 0.01) (Table VI).
To understand the inﬂuence of hospital based studies we made
a sensitivity analysis regarding this variable. Only two hospital
based data were found for knee, three for hand and 10 for hip. So,udies
ance)
Incidence studies
(item compliance)
Hip Hand Overall Overall
89.7% 100% 95.6% 100%
96.6% 88.9% 95.6% 88.9%
93.1% 77.8% 90.1% 100%
100% 100% 100% 100%
86.2% 94.4% 93.4% 100%
55.2% 66.7% 60.4% 66.7%
3.4% 5.6% 8.8% 55.6%
44.8% 38.9% 40.7% 77.8%
5.7  1.1 5.7  0.8 5.9  0.9 6.9  0.8
Table II
Knee prevalence studies included in this review
Joint
site
OA
deﬁnition
Author Publ.
year
Country Sample
size
n
women
n
men
Age
range
Mean
age (SD)
Prevalence
women (95% CI) %
Prevalence
men (95% CI) %
Crude overall
prevalence
(95% CI) %
Method.
quality
score
(0e8)
Knee Self-reported Carmona et al.29 2001 Spain 2192y 1178 1014 20 e 14.0 (12.1e16.0)z 5.7 (4.4e7.3)z 10.2 (8.5e11.9) 6
Picavet et al.2 2003 Netherlands 7818y 3878 3940 25 e 13.6 (12.1e5.1) 10.1 (8.6e11.6) 11.8z (11.1e12.6)z 6
Costa et al.30 2004 Portugal 1238y 787 451 18 e 14.2 (11.8e6.9) 5.9 (3.9e8.6) 11.1 (9.4e13.1) 5
Haq et al.31 2005 Bangladesh 5160y 2578 2582 15 e 10.1z (9.0e11.3)z 7.4z (6.4e8.4)z 8.7z (8.0e9.5)z 6
Grotle et al. a)32 2008 Norway 3266y 1796 1470 24e76 e 7.9 (6.7e9.2) 6.3 (5.1e7.6) 7.1 (6.3e8.0) 7
Tukker et al.33 2009 Netherlands 3664y 2024 1640 25 54.6 16.5 (14.9e18.2)z 13.0 (11.4e14.7)z 15.0 (13.8e16.1)z 6
Radiographic Hochberg et al.34 1996 USA 898y 351 547 20 e 28.5 (24.0e33.4)z 31.6 (27.8e35.6)z 30.4 (27.5e33.5)z 6
Odding et al.35 1998 Netherlands 2895y 1739 1156 55e93 68.6  7.5 29.1 (27.0e31.2) 16.3 (14.2e18.4) 24 (22.5e25.6)z 7
Shiozaki et al.36 1999 Japan 1463y 858 605 54e79 e 29.7 (27.6e31.9)z 10.9 (9.2e12.8)z 21.9 (20.5e23.5)z 6
Cvijetiae et al.37 2000 Croatia 610y 306 304 45 e 9.9 (6.8e13.5)z 4.3 (2.4e7.0)z 7.1 (5.2e9.3)z 5
Sowers et al.38 2000 USA 1053y 1053 0 42e52 e 14.2 (11.8e16.6) e 14.2 (11.8e16.6) 7
Zhang et al.6 2001 China 1781y 1051 730 60 e 42.8 (39.8e45.8)z 21.5 (18.6e24.6)z 34.1 (31.9e36.3)z 7
Yoshida et al.39 2002 Japan 358y 358 0 63e89 e 46.8 (41.8e52.1)z e 46.8 (41.8e52.1)z 6
Yoshida et al.39 2002 USA 815y 815 0 63e89 e 35.0 (31.8e38.3)z e 35.0 (31.8e38.3)z 6
Al-Arfaj et al.40 2002 Saudi Arabia 300* 133 167 40e75 e 60.9 (52.4e68.9)z 53.3 (45.7e60.8)z 56.7 (51.0e62.2)z 5
Du et al.41 2005 China 2093y 1199 894 62 e 47.1 (44.3e50) 40.6 (37.4e43.9)z 44.6 (42.5e46.8)z 5
Szoeke et al.42 2006 Australia 224y 224 0 45 59.92.5 21.9z (16.8e27.6)z e 21.9z (16.8e27.6)z 5
Dillon et al.43 2006 USA 2415y 1271 1144 60 e 42.1 (38.2e46.0) 31.2 (26.4e35.9) 37.4 (35e39.8) 7
Janssen & Mark44 2006 Canada 2323y 1219 1104 20 70.6  9.5 50.4 (47.6e53.2)z 43.5 (40.6e46.4)z 47.4 (45.4e49.4)z 6
Tamm et al.45 2008 Estonia 160* 101 59 34e55 e e e 63.8 (56.1e70.9)z 4
Sudo et al.46 2008 Japan 596y 392 204 65e98 73.6 36.5 (31.8e41.3)z 17.7 (12.9e23.3)z 30.0 (26.5e33.8)z 6
Jordan et al.47 2007 USA 3068y 1906 1162 45 e 31.0 (29.2e32.8) 23.7 (22e25.5) 27.8 (26.5e29.2) 7
Miura48 2008 Japan 450y 325 125 24e87 e 31.1(26.2e36.3)z 23.2 (16.4e31.2)z 28.9 (24.8e33.2)z 5
Kang et al.49 2009 China 1025y 520 505 50 58.8  8 29.6 (16.4e23.2)z 10.3 (7.9e13.2)z 15.1 (13.0e17.4)z 6
Oka et al.50 2009 Japan 719y 449 270 60 72.1  6.3 78.6(74.6e82.2)z 57.8 (51.8e63.6)z 70.8 (67.4e74.0)z 6
Muraki et al.51 2009 Japan 1471y 940 531 50 68.4  9.2 61.2 (58e64.2)z 45.6 (41.4e49.8)z 55.6 (53.0e58.1)z 6
Bergink et al.15 2009 Netherlands 1248y 728 520 55 66.2  6.7 e e 6.5 (5.2e8.0)z 5
Laxafoss et al.52 2010 Denmark 3784y 2347 1437 22e93 e 14.2 (12.8e15.6)z 12.1 (10.5e13.9)z 13.4 (12.3e14.5)z 8
Ding et al.53 2010 Tasmania 806y 385 411 51e81 61.8  7.1 69.6 (65.0e74.0)z 64.5 (59.8e69.0) 67.0 (63.7e70.2)z 6
Kim et al.54 2010 Korea 504y 274 230 50e89 70.2  8.0 54.7 (48.8e60.6) 16.5 (12.1e21.7)z 37.3 (33.2e41.6)z 5
Cho55 2011 Korea 696y 398 298 65 71.7  5.3 53.8 (48.9e58.7)z 17.1 (12.8e21.4)z 38.1 (34.5e41.7)z 6
Symptomatic Shiozaki et al.36 1999 Japan 1463y 858 605 54e79 e 19.5 (17.7e21.5)z 8.8 (7.3e10.5)z 15.1 (13.8e16.4)z 6
Zhang et al.6 2001 China 1781y 1051 730 60 e 15.0 (13.0e17.3)z 5.6 (4.1e7.5)z 11.1z (9.8e12.7)z 7
Du et al.41 2005 China 2093y 1199 894 62 e 9.8 (8.3e11.6)z 3.7 (2.6e5.1)z 7.2 (6.1e8.3)z 5
Kacar et al.56 2005 Turkey 655y 306 349 50 59.7  8.3 22.5 (18.1e27.5)z 8.0 (5.5e11.2)z 14.8 (12.2e17.7)z 6
Salafﬁ et al.57 2005 Italy 2155y 1151 1004 18e91 e e e 5.4 (3.4e8.0)z 5
Dillon et al.43 2006 USA 2394y 1261 1133 60 e 13.6 (11.3e15.9) 10.0 (7.0e13.0) 12.1 (10.6e13.5) 7
Andrianakos et al.58 2006 Greece 8740y 4269 4471 19e99 47.0  17.7 8.6 (7.5e9.5)z 3.2 (2.7e3.7)z 6.3 (5.8e6.8) 7
Zeng et al.59 2006 China 2188y 1139 1049 35e64 e 15.4 (13.4e17.5)z 6.6 (5.2e8.2)z 11.2 (9.9e12.5)z 7
Jordan et al.47 2007 USA 3068y 1906 1162 45 e 18.7 (17.3e20.2) 13.5 (12.2e14.8)z 16.4 (15.4e17.6) 7
Quintana et al.60 2008 Spain 7577y 4264 3313 60e89 e 14.9 (13.8e16.0)z 8.7 (7.8e9.7)z 12.2 (11.5e12.9)z 6
Sudo et al.46 2008 Japan 596y 392 204 65e98 73.6 26.7 (22.6e31.3)z 10.7 (7.1e15.6)z 21.2 (18.0e24.6)z 6
Roux et al.61 2008 France 1380y e e 40e75 58.3 e e 7.6 (6.4e8.8) 5
Kang et al.49 2009 China 1025y 520 505 50 58.0  8.0 14.2 (11.4e17.4)z 6.9 (5.0e9.4)z 10.6 (8.9e12.6)z 6
Kim et al.54 2010 Korea 504y 274 230 50e89 70.2  8.0 38.0 (32.4e44.8)z 7.4 (4.5e11.3)z 24.2 (20.4e27.9)z 5
* Hospital based study.
y Population based study.
z Calculated based on data presented in the paper.
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Table III
Hip prevalence studies included in this review
Joint
site
OA
deﬁnition
Author Publ.
year
Country Sample
size
n
women
n
men
Age
range
Mean
age (SD)
Prevalence
women (95% CI) %
Prevalence men
(95% CI) %
Crude overall
prevalence
(95% CI) %
Method.
quality
score
(0e8)
Hip Self-reported Picavet et al.2 2003 Netherlands 7818y 3878 3940 25 e 9.6 (8.3e10.9) 3.9 (3.0e4.8) 6.7z (6.2e7.3)z 6
Costa et al.30 2004 Portugal 1238y 787 451 18 e 7.4 (5.7e9.5) 2.2 (1.1e4.2) 5.5 (4.3e7.0) 5
Grotle et al. a)32 2008 Norway 3266y 1796 1470 24e76 e 6.2z (5.1e7.4)z 4.6z (3.6e5.8)z 5.5 (4.7e6.3) 7
Tukker et al.33 2009 Netherlands 3664y 2024 1640 25 54.6 12.3 (10.9e13.8)z 6.5 (5.4e7.8)z 9.7 (8.8e10.7)z 6
Radiographic Lau et al.62 1995 Japan 999* 0 999 65e75 70.0  7.0 e 5.4 (4.1e6.9)z 5.4 (4.1e6.9)z 7
Ali-Gombe et al.63 1996 Nigeria 63* 0 63 60e75 e e 7.0 (3.5e12.7)z 7.0 (3.5e12.7)z 3
Danielsson & Lindberg64 1997 Sweden 4121* 2410 1711 40 e 2.0 (1.5e1.7)z 1.7 (1.2e2.4)z 1.9 (1.5e2.3)z 5
Hirsch et al.65 1998 USA 749* 457 292 45e93 e 2.8 (1.6e4.7)z 4.8 (2.8e7.7)z 3.6 (2.4e5.1)z 6
Odding et al.35 1998 Netherlands 2895y 1739 1156 55e93 68.6 15.9 (14.2e17.6) 14.1 (16.1e21.1) 15.2 (12e18.4)z 7
Yoshimura et al.66 1998 Britain 1498y 195 1303 60e75 e 4.8 (2.5e6.7) 11 (9.8e12.3) 10.2 (8.8e11.8)z 7
Yoshimura et al.66 1998 Japan 198y 99 99 60e79 e 0 2.0 (0.04e4.0) 1.0 (0.2e3.3)z 7
Ingvarsson et al.67 1999 Iceland 1517* 873 644 35 68.0 10.1 (8.2e12.2)z 12.0 (9.6e14.6)z 10.8 (9.4e12.5)z 7
Inoue et al.68 2000 France 401* 118 283 20e79 e 2.5 (0.7e6.8)z 5.7 (3.4e8.8)z 4.7 (3.0e7.2)z 4
Inoue et al.68 2000 Japan 782* 368 414 20e79 e 3.5 (2e5.8)z 1.4 (0.6e3.0)z 2.4 (1.5e3.7)z 4
Cvijetiae et al.37 2000 Croatia 610y 306 304 45 e 18.6 (14.6e23.3)z 27.3 (22.5e32.5)z 23.0 (19.7e26.4)z 5
Goker69 2001 Turkey 682* 205 477 25e97 e 9.4(5.8e13.8)z 12.6 (9.8e15.8)z 11.7 (9.3e14.2)z 6
Nevitt et al.70 2002 China 1492y 878 614 60e89 e 0.9 (0.4e1.7)z 1.1 (0.5e2.2)z 1.0 (0.6e1.6)z 7
Jacobsen et al.71 2004 Denmark 3807y 2359 1448 23e93 e 5.0 (4.2e5.9)z 10.8 (9.3e12.5)z 7.2 (6.4e8.1)z 7
Goker et al.72 2005 Turkey 92* 27 65 55 64.0  7.0 e e 14.0 (8.1e22.4)z 5
Kim et al.73 2008 South Korea 580* 290 290 71e95 78.3 0.7 (0.1e2.3)z 1.7 (0.6e3.8)z 1.2 (0.5e2.4)z 4
Chung et al.74 2009 Korea 674y 386 288 65e99 71.7  5.3 e e 13.1 (10.5e15.6)z 6
Johnsen et al.75 2009 Norway 836y 412 424 20e64 e 7.1 (4.9e9.8)z 6.5 (4.5e9.3)z 6.8 (5.3e8.7)z 6
Ding et al.53 2010 Tasmania 801y 407 416 51e81 61.8  7.1 46.9 (42.1e51.8)z 42.9 (38.1e47.8)z 45.0 (41.5e48.4)z 6
Symptomatic Salafﬁ et al.57 2005 Italy 2155y 1151 1004 18e91 57.8  18.4 e e 1.6 (1.4e1.9)z 5
Andrianakos et al.58 2006 Greece 8740y 4269 4471 19e99 47.0  17.7 1.5 (1.0e1.9)z 0.3 (0.2e0.5)z 0.9 (0.7e1.1) 7
Roux et al.61 2008 France 1380y e e 40e75 58.3 e e 5.0 (3.9e6.1) 5
Quintana et al.60 2008 Spain 7577y 4264 3313 60e89 e 8.0 (7.2e8.8)z 6.7 (5.9e7.6)z 7.4 (6.9e8.0)z 6
* Hospital based study.
y Population based study.
z Calculated based on data presented in the paper.
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Table IV
Hand prevalence studies included in this review
Joint
site
OA
deﬁnition
Author Publ.
year
Country Sample
size
n
women
n
men
Age
range
Mean
age (SD)
Prevalence
women (95% CI) %
Prevalence
men (95% CI)%
Crude overall
prevalence
(95% CI) %
Method.
quality
score
(0e8)
Hand Self-reported Carmona et al.29 2001 Spain 2192y 1178 1014 20 e 9.5 (7.9e11.3)z 2.3 (1.5e3.3)z 6.2 (5.9e6.5) 6
Grotle et al. a)32 2008 Norway 3266y 1796 1470 24e76 e 5.8z (4.8e6.9)z 2.5z (1.8e3.4)z 4.3 (3.6e5.0) 7
Radiographic Sowers et al.38 2000 USA 1053y 1053 0 42e52 e 20.6 (17.8e23.3) e 20.6 (17.8e23.3) 7
Caspi et al.76 2001 Israel 253* 171 82 62x 78.8  8.3 82.5 (76.2e87.6)z 82.9 (73.6e89.9)z 82.6 (77.6e86.9)z 5
Al-Arfaj et al. b)77 2002 Saudi Arabia 300* 133 167 40e75 e 36.3 (28.3e44.5)z 30.3 (23.9e37.8)z 33.0 (27.9e38.5)z 4
Zhang et al.78 2003 China 2507y 1503 1004 60 72.7 47.0 (44.5e49.5)z 44.5 (41.5e47.6)z 46.0 (44.0e48.0)z 6
Haara et al.79 2003 Finland 3595y 2035 1560 30 e 48.1 (45.9e50.3)z 44.3 (41.8e46.8)z 46.5 (44.8e48.1)z 7
Dahaghin et al.13 2005 Netherlands 3906y 2101 1805 50 66.6  7.3 67.0 (65.0e69.0)z 54.8 (52.5e57.1)z 61.4 (59.8e62.9)z 6
Wilder et al.80 2006 USA 3327y 2302 1025 40e94 62.0  11.0 41.1z (39.1e43.1)z 41.8z (38.8e44.8)z 41.3z (39.6e43.0)z 6
Toba et al.81 2006 Japan 551y 551 0 40e89 63.9 74.4 (70.6e78)z e 74.4 (70.6e78.0)z 5
Szoeke et al.42 2006 Australia 224y 224 0 45 59.9  2.5 45.0z (38.7e51.6)z e 45.0z (38.7e51.6)z 5
Kalichman et al. a)82 2009 Russia 1005y 463 542 18e95 e 35.4 (31.1e39.9)z 33.6 (29.7e37.6)z 34.4 (31.5e37.4)z 5
Kalichman et al. b)83 2009 Turkmenistan 704* 427 277 19e90 49.0  17.1 57.2 (52.4e61.8)z 62.2 (56.3e67.7)z 59.1 (55.4e62.7)z 6
Kalichman et al. c)84 2010 Russia 899* 481 418 18e60 e 30.9 (27.0e35.2)z 34.9 (30.5e39.6)z 32.8 (29.8e35.9)z 6
Kalichman et al. d)85 2010 Russia 1897* 1076 821 18e90 e 54.4 (51.4e57.3)z 58.1 (54.7e61.4)z 56.0 (53.7e58.2)z 6
Symptomatic Caspi et al.76 2001 Israel 253* 171 82 62x 78.8  8.3 75.4 (68.6e81.5)z 80.5 (70.9e88)z 77.1 (71.6e81.9)z 5
Zhang et al.86 2002 USA 1032y 668 369 71e100 e 26.2 (22.9e29.6) 13.3 (9.8e16.7) 21.6 (19.2e24.2)z 6
Zhang et al.78 2003 China 2507y 1503 1004 60 72.7 5.8 (4.7e7.1)z 3.0 (2.1e4.2)z 4.7 (3.9e5.6)z 6
Salafﬁ et al.57 2005 Italy 2155y 1151 1004 18e91 57.8  18.4 e e 2.0 (1.2e2.9)z 5
Andrianakos et al.58 2006 Greece 8740y 4269 4471 19e99 47.0  17.7 3.4 (2.9e4.0)z 0.5 (0.3e0.7)z 2.0 (1.7e2.3) 7
* Hospital based study.
y Population based study.
z Calculated based on data presented in the paper.
x Estimated minimum age (mean age e 2 SD).
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Table V
Incidence studies included in this review
Joint
site
OA deﬁnition Author Publ.
year
Country Sample
size
n
women
n
men
Age at
baseline
(years)
Mean age at
baseline SD
Mean
follow-up
period (years)
Cumulative incidence % Annual incidence % Method.
quality
score
(0e8)
Knee Self-reported Grotle et al. b)88 2008 Norway 1675y 943 732 24e76 41.8  12.9 10 Women 7.3 (95% CI 5.7e9.0);
Men 6.2% (95% CI 4.4e7.9)
e 8
Verweij et al.89 2009 Netherlands 1678y e e 55e85 68.0  8.0 12 27.6% e 7
Radiographic Felson et al.90 1995 USA 598y 381 217 63e92 70.5  4.9 8 15.6% Women 2%; Men 1.2% 7
Hart et al.91 1999 UK 830y 0 830 42x 54.1  5.9 4 12.6% 3.1% 6
Cooper et al.92 2000 UK 354y 255 99 55 e 5 12.7% Incidence rates of 2.5% 7
Symptomatic Felson et al.90 1995 USA 598y 381 217 63e92 70.5  4.9 8 e Women 1%; Men 0.6% 7
Oliveria et al.93 1995 USA 1553* e e 20e89 e 3.5z e Age and sex adjusted
incidence of 0.24 person-
year (95% CI 0.22e0.26)
7
Hip Self-reported Grotle et al. b)88 2008 Norway 1675y 943 732 24e76 41.8  12.9 10 Women 5.8% (95% CI 4.3e7.3);
Men 3.8% (95% CI 2.4e5.2)
e 8
Radiographic Reijman et al.94 2005 Netherlands 835y 478 375 55 65.6  6.5 6.6 9.3% e 6
Lane et al.95 2000 USA 176y 176 0 65 70.3  4.7 8 33% e 6
Symptomatic Oliveria et al.93 1995 USA 1003* e e 20e89 e 3.5z e Age and sex adjusted
incidence of 0.09 person-
year (95% CI 0.75e1)
7
Hand Self-reported Grotle et al. b)88 2008 Norway 1675y 943 732 24e76 41.8  12.9 10 Women 5.6% (95% CI 4.2e7.1);
Men 2.5% (95% CI 1.3e3.6)
e 8
Radiographic Chaisson et al.96 1997 USA 751y 496 255 47e76 55.0  5.6 24 83% Women 87%; Men 76% e 8
Symptomatic Oliveria et al.93 1995 USA 696* e e 20e89 e 3.5z e Age and sex adjusted
incidence of 0.1 person-
year (95% CI 0.9e1.1)
7
* Hospital based study.
y Population based study.
z Calculated based on data presented in the paper.
x Estimated minimum age (mean age e 2 SD).
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Table VI
Overall prevalence of knee, hip and hand OA (95% CIs) and heterogeneity by sex and
joint site
Joint site OA prevalence
women
OA prevalence
men
OA prevalence
total
Knee 27.3%*
95% CI [26.9e27.7]
I2 ¼ 99.3%
21.0%*
95% CI [20.5e21.5]
I2 ¼ 99.7%
23.9%
95% CI [23.6e24.2]
I2 ¼ 99.8%
Hip 11.6%
95% CI [11.1e12.1]
I2 ¼ 99.7%
11.5%
95% CI [11.0e12.1]
I2 ¼ 99.9%
10.9%
95% CI [10.6e11.2]
I2 ¼ 99.8%
Hand 43.3%
95% CI [42.6e44.0]
I2 ¼ 99.1%
44.5%
95% CI [43.5e45.5]
I2 ¼ 99.9%
43.3%
95% CI [42.7e42.9]
I2 ¼ 100%
* P value<0.01 for gender comparison using ManneWhitney test.
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Considering results only by joint site we found a higher prevalence
estimate for knee OA from hospital based studies compared to
population based studies [49.9 (45.1e54.8) vs 23.7 (23.4e24.0)
P< 0.001]; in hip, hospital based studies presented lower estimates
[7.6 (6.8e8.3)] compared to population based studies [11.4
(11.0e11.8)], P< 0.001. In hand similar results were found according
to sample base [42.9 (42.2e43.5) for hospital based vs 43.3
(42.7e43.9) for population based; P ¼ 0.86]. The overall prevalence
in the three joints including both hospital and population studies
was similar to the overall prevalence in only population based
studies, so we decide to maintain these studies in this review.
According to the results observed in Table VI, and due to the
small number of papers, forest graphs were stratiﬁed by gender for
knee OA (Figs. 2 and 3) but overall representation was done for hip
(Fig. 4) and hand (Fig. 5). In general, graphic representations allow
us to see that radiographic deﬁnition presents higher estimates and
that symptomatic deﬁnition and self-reported OA deﬁnitions tend
to present similar results.
To look for the possible effect of age and sex differences
according to OA deﬁnition we stratiﬁed studies according to three
age groups using the minimum age (<45, 45e59 and 60). Due to
the small number of studies for hip and hand, this analysis was only
possible for knee OA (Table VII).
Knee OA
Regardless of the deﬁnition used, the prevalence ranged from
6.3% in Greece58 to 70.8% in Japan50. Based on self-reported deﬁni-
tionwe found six studies with estimates which ranged from 7.1% in
Norway32 to 15.0% in The Netherlands33. For the knee, a wide range
of results were foundwith radiographic case deﬁnition, from7.1% in
Croatia37, to 70.8% in Japan50. Based on symptomatic deﬁnition the
lowest estimate is found in Italy (5.4%)57 and the highest 24.2% in
Korea54. In general, estimates based on radiographic deﬁnition
present higher estimates than those based on self-reported and
symptomatic deﬁnitions. However, the populations evaluated were
very different as far as age is concerned (Figs. 2, 3 and Table II).
Through sensitivity analysis according with age, we found that
radiographic-based studies presented higher estimates both in
women and men, and in all age groups. Using symptomatic deﬁni-
tion, the prevalence was higher in women in both age groups.
Symptomatic deﬁnition and self-reported OA deﬁnitions presented
similar results in the age group below45 years old, and in both cases
were higher in women. Insufﬁcient data for analysis was found for
self-reported OA in the age groups 45e59 and 60 (Table VII).
Hip OA
The four studies based on self-reported data to estimate hip OA
found very similar results: 6.7%2 and 9.7% in The Netherlands33,
5.5% in Portugal30 and in Norway32. The 19 studies based onradiographic deﬁnition presented estimates ranging from 1.0% both
in Japan66 and China70 to 45.0% in Tasmania53. To investigate hip OA
prevalence based on symptomatic deﬁnition we only found four
studies: 0.9% in Greece (58); 1.6% in Italy57; 5.0% in France61; and
7.4% in Spain60 (Fig. 4 and Table III).
Hand OA
The hand was the joint with the lowest number of studies
included: two self-reported, 13 on radiographic and ﬁve symp-
tomatic deﬁnition of OA. Self-reported prevalence for hand OA was
estimated to be 6.2% in Spain29 and 4.3% in Norway32. Radiographic
deﬁnition studies ranged from 20.6% in The USA38 to 82.6% in
Israel76. The ﬁve studies based on symptomatic deﬁnition pre-
sented very different estimates: low estimates of 2.0% in Greece58
and Italy57; 4.7% in China78; high prevalence of 19.2% in The
USA78 and much higher (77.1%) in Israel76 (Fig. 5 and Table IV).
Incidence
Only eight papers presented data on the incidence of OA. The
small number of studies and the heterogeneity of follow-up periods
andmeasures used to express incidence in the different studies, did
not allow us to draw further conclusions or to use any summary
data. The most visible fact was that radiographic OA deﬁnition
presented the higher incidence estimates in all joints (Table V).
Discussion
Our results have to be understood taking into account the high
heterogeneity found even within each speciﬁc OA deﬁnition and
joint site, related with the different methodologies and the limited
number of studies, which made a more detailed analysis impos-
sible. We evaluated data only for knee, hip and hand joints.
However, we are of the opinion that the effect of this is hardly
signiﬁcant since these three locations are thought to be the most
prevalent OA joint sites andwithmost impact in terms of treatment
needs and related disability97.
After analysing the studies reviewed, hand OA estimates
showed the highest prevalence compared with other joint sites. In
all joint sites considered, it was also evident that there is a tendency
for higher prevalence estimates when radiographic deﬁnition is
used, and studies based on self-reported and symptomatic deﬁni-
tions tend to present more similar estimates. As far as gender is
concerned and considering knee OA, prevalence was higher in
women than men; however, with regard to hip and hand OA those
differences were only approximately 1%, although the limited
number of studies must be taken into account.
Differences according to OA deﬁnition tend to show similar
trends in the different joints. Compared to radiographic deﬁnition
studies, we found lower prevalence estimates in studies based on
symptomatic and self-reported deﬁnition studies, but generally
these studies were used in younger populations. As is known OA
prevalence increases with age10, and we also found higher prev-
alence in studies with older populations. To understand if the
differences according to OA deﬁnition could be explained by age,
we stratiﬁed studies in three age groups, using the median of the
minimum age because it was the age parameter available for
almost all studies included. However, speciﬁc age differences need
to be taken into account in the interpretation of the estimates: in
some cases, with a large range of ages, minimum age might not
represent the real age of participants; for example the study by
Andrianakos et al.58 presents a minimum age of 19, a maximum
age of 99 and a mean age of 46.9 years. However, the small
number of studies limits our options, and even considering only
three age groups, sensitivity analysis was only possible for knee
Fig. 2. Forest graph of knee OA prevalence meta-analysis, heterogeneity and 95% CIs by OA deﬁnition, in women.
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lence when radiographic deﬁnition was used in all age groups and
for both genders.
As far as incidence is concerned, data is limited probably
because of the problems of deﬁning it and how to determine its
onset96. In this review the limited number of studies and the use of
different incidence measures made any comparison impossible.
However, there also seems to be a tendency for radiographic deﬁ-
nition to overestimate OA incidence. This can be exempliﬁed by the
study by Felson et al.90, where in the same participants OA inci-
dence was twice as high when radiographic deﬁnition was used.Apart from the epidemiological consequences, clinical implica-
tions also need to be explored. In this context, the emphasis to
radiographic ﬁndings should always be given according to patient’s
physical signs13,92, self-reported symptoms and disability16,87,98.
Recent recommendations on knee OA diagnosis99, state that in
adults aged >40 years with usage-related knee pain, only short-
lived morning stiffness, functional limitation and one or more
typical examination ﬁndings (crepitus, restricted movement, bony
enlargement), a conﬁdent diagnosis can be made without a radio-
graphic examination. Nevertheless, X-rays are an objective instru-
ment for OA pathophysiological ﬁndings79 and people with early
Fig. 3. Forest graph of knee OA prevalence meta-analysis, heterogeneity and 95% CIs by OA deﬁnition, in men.
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OA in the future12,13,92.
The radiographic evaluation, although it is the most objective
measure, presents some reliability and validity limitations11,71.
Criticism to radiographic grade systems, even for the most widely
used radiographic deﬁnition in the studies reviewed (KL score 2),
include: inconsistencies in the description of features of OA, the
prominence given to osteophytes at all joint sites, and poor inter-
rater and between-centre reliability73,100. Different radiographic
scoring systems can explain some of the variability in the estimates
within radiographic studies. For example, it was found in
a systematic review of hip radiographic OA that prevalence was
higher in studies using KL scale compared to the joint spacewidth14. These differences within each radiographic deﬁnition
were not evaluated in our study.
Symptomatic OA deﬁnition considers both clinical symptoms of
OA and radiographic changes87. Thus, besides the different speciﬁc
radiographic aspects between studies, symptom evaluation was
also different. Some use medical doctor evaluation, questionnaires,
interviews or just self-reported symptoms, which could lead to less
objectivity and more variability between studies than the vari-
ability only due to evaluation of radiographic images. However,
when we looked at forest plots, symptomatic deﬁnition studies
presented less heterogeneity than radiographic studies.
In this review it can be seen that, particularly in knee and hand
prevalence studies, the estimates based on self-reported data have
Fig. 4. Forest graph of hip OA prevalence meta-analysis, heterogeneity and 95% CIs by OA deﬁnition.
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we expected that self-reported OA was essentially based on
a previous clinical diagnosis which is based on symptomatic and
radiographic data, since the demand for a medical diagnosis is
primarily determined by symptoms this could explain why these
estimates were quite similar. This result was in agreement with
Van Minh et al.101 that states that estimates based on several self-
reported chronic conditions are accurate when compared with
physician diagnoses. However, the use of self-reported information
on OA raises questions on the quality of information related with
individual’s characteristics. Once self-reported OA was based on
a previous diagnosis, it is to be expected that all individual char-
acteristics that affect health-care access (for instance, education
and socio-economic level) can affect estimates based on self-
reported OA13,30,32, which could partially explain the differences
between studies. However, we did not have enough studies or
information to analyse this hypothesis.Several large studies have demonstrated that women have
a higher risk of developing OA than men for knee OA9,58,93 but this
is not always seen for the hip and hand12. Since women may
perceive, evaluate, and act on symptoms differently102 higher
differences between genders could be expected when self-reported
and symptomatic deﬁnitions were used. Nevertheless, our results
in knee OA reveal that this also happened for radiographic esti-
mates, which supports the hypothesis that women suffer from
more progressive decline in joint space and loss of cartilage with
age8,9,18. It would be interesting to evaluate the inﬂuence of gender
according to the different deﬁnitions, in hip and hand, but the small
number of studies made this impossible in our analysis.
Some studies tend to present different prevalences according to
geographical regions66,78. Possible explanations for these differ-
ences range fromgenetic differences, to speciﬁc jointmorphometry,
socio-economic conditions, health-care access or other lifestyle or
environmental factors7,39,66. Some of these characteristics could be
Fig. 5. Forest graph of hand OA prevalence meta-analysis, heterogeneity and 95% CIs by OA deﬁnition.
Table VII
Prevalence of knee OA (95% CIs) and heterogeneity by age, sex and OA deﬁnition
Knee OA deﬁnition <45* 45e59* 60*
Women Men Women Men Women Men
Self-reported Number of studies 6 6 0 0 0 0
Prevalence (95% CI) 13.1%
95% CI
[12.5e13.7]
9.4%
95% CI
[8.8e10.0]
Insufﬁcient
data for analysis
Insufﬁcient
data for analysis
Insufﬁcient
data for analysis
Insufﬁcient
data for analysis
Heterogeneity I2 ¼ 95.5% I2 ¼ 94.7%
Radiographic Number of studies 9 7 6 6 8 6
Prevalence (95% CI) 30.5%
95% CI
[29.4e31.5]
30.4%
95% CI
[29.0e31.7]
41.2%
95% CI
[39.9e42.6]
31.3%
95% CI
[29.7e32.9]
45.1%
95% CI
[43.8e46.3]
33.4%
95% CI
[31.9e35.0]
Heterogeneity I2 ¼ 99.3% I2 ¼ 99.4% I2 ¼ 99.1% I2 ¼ 99.5% I2 ¼ 98.1% I2 ¼ 97.9%
Symptomatic Number of studies 4 4 4 4 4 4
Prevalence (95% CI) 13.2%
95% CI
[12.4e14.0]
7.6%
95% CI
[6.8e8.4]
22.7%
95% CI
[20.8e24.6]
8.0%
95% CI
[6.6e9.3]
15.7%
95% CI
[14.8e16.6]
8.8%
95% CI
[8.1e9.6]
Heterogeneity I2 ¼ 98.3% I2 ¼ 99.1% I2 ¼ 95.3% I2 ¼ 0% I2 ¼ 90.5% I2 ¼ 81.9%
Total Number of studies 19 17 10 10 12 10
Prevalence (95% CI) 19.7%
95% CI
[19.2e20.2]
17.4%
95% CI
[16.8e18.0]
36.9%
95% CI
[35.7e38.0]
26.9%
95% CI
[25.6e28.1]
33.6%
95% CI
[32.8e34.5]
24.3%
95% CI
[23.3e25.3]
Heterogeneity I2 ¼ 99.3% I2 ¼ 99.7% I2 ¼ 99.1% I2 ¼ 99.4% I2 ¼ 99.6% I2 ¼ 99.6%
* Age stratiﬁcation using the minimum age of the participants in each study.
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atic evaluation. However, in our results, we were unable to obtain
enough information to test this hypothesis.
Several limitations can be found in our review and additional
methodological strategies should be considered in future studies.
There could be a selection bias caused by the inclusion of hospital
based studies. We found a higher prevalence of OA for knee and
lower for hip among hospital based studies than among population
based studies. This difference may be related with differences in
selection criteria, however we need to highlight that only two
hospital based studies were found for knee. However, hospital
based studies represented a small proportion and no effect was
found in overall prevalences; so we decided to maintain them,
although we highlight the importance of considering this variable
in the results interpretation.
An important component of a systematic review is the evalua-
tion of the methodological quality of the studies included. Based on
a recent systematic review of these tools21 we chose the scale
developed by Loney et al. speciﬁcally to measure prevalence and
incidence22 considering a 0e8 range score. We think the overall
quality of studies included was good, which increases the value and
interpretability of this review, in spite of the high heterogeneity of
estimates found.
The extent of heterogeneity in a meta-analysis partly deter-
mines the difﬁculty in drawing overall conclusions24. Therefore, in
our review no relevance should be given to the pooled prevalence;
the most relevant results were found in the ﬁgures that clearly
showed the similarity between self-reported and symptomatic
deﬁnitions and the higher prevalence found in studies based on
radiographic deﬁnitions. We could argue that heterogeneity in the
estimates could be explained by OA deﬁnition but meta-analysis
within studies using the same OA case deﬁnition continued to
show a high heterogeneity between studies. Heterogeneity in the
estimates seems to be related with study design factors, such as
different age of populations, and also differences in how each
speciﬁc OA deﬁnition was applied; these differences within OA
deﬁnitions were not evaluated in this review.
We only used the PUBMED and SCOPUS databases, which may
reduce the number of studies included. However these databases
represent a high proportion of the journals covering this issue. We
thus believe that we collected a very representative sample of
studies published in the period chosen, and it is most likely that the
papers not identiﬁed, would present similar differences between
OA deﬁnitions to those presented in this review. Finally, it is also
important to take into account that language restriction was used,
leading to the exclusion of some studies.
In spite of these limitations, results indicate a tendency for
radiographic case deﬁnition studies to present higher estimates
compared to the self-reported and symptomatic OA deﬁnitions;
self-reported and symptomatic OA studies tend to present similar
estimates. Our review highlights the importance of considering OA
deﬁnition in the interpretation of epidemiological studies.
Conclusions
The highest OA prevalence estimates were found in hand joints
but the knee is the joint most studied. Prevalence of knee OA was
higher in women than in men even when studies were stratiﬁed by
age and by OAdeﬁnition. In all joints studied, radiographic deﬁnition
presented the highest prevalence of OA; self-reported and symp-
tomatic OA deﬁnitions show similar prevalence estimates. High
heterogeneity in the included studies limited further conclusions.
For incidence studies, although results seemed to present
analogous implications, the small number of studies made it
impossible for us to draw further conclusions.Author contributions
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Abstract 
Background: Several risk factors have been associated with osteoarthritis but 
their role in OA case ascertainment is not well established. This study aims to 
evaluate the potential role of age, sex, body mass index (BMI) and pain to 
identify participants with knee radiographic osteoarthritis (OA). 
Methods: A cross-sectional study was performed using information from 
EPIPorto cohort; social, demographic, behavioural and clinical data was 
obtained. Pain was assessed using a pain score (regarding ever having knee 
pain, pain in the last year, in the last 6 months and in the last month). Knee 
radiographs were classified using the Kellgren Lawrence scale (0-4). 
Multivariate regression estimated proportional odds ratio [POR (95% 
Confidence intervals)]. Path analysis was used to assess the plausibility of the 
causal assumptions and a classification tree to understand radiographic OA 
determinants. 
Results: Higher age [1.05 (1.04; 1.06)] and higher BMI [1.08 (1.06; 1.10)] were 
associated with higher radiographic score, but sex had no statistical association 
[1.01 (0.85; 1.19)]. Females, higher BMI and higher radiographic score were 
also statistically associated with higher pain scores. Classification tree 
estimated age as the first variable to identify individuals with knee radiographic 
changes (≥56.5 years) followed by BMI ≥31.1 kg/m2 (in participants with ages 
between 42.5 and 46.5 years) and finally percentile calibrated pain score ≥1.5 
(on younger participants with BMI <31.1 kg/m2). 
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Conclusions: Age, BMI and pain are independently associated with 
radiographic OA. Combined usage of these characteristics should be 
considered to improve the identification of patients with knee osteoarthritis.  
 
 
Key-words: Knee osteoarthritis, Case ascertainment, Pain, Decision analysis, 
Symptoms, Radiography. 
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 Introduction 
Osteoarthritis (OA) is the most common form of joint disease (1-3) and 
one of the most important causes of pain and disability worldwide (4). Thus, the 
need to improve case ascertainment and early disease identification is a priority 
in order to allow that clinical and public health measures can be taken. 
OA can be defined as a multifactorial condition of joint failure mainly 
characterized by articular cartilage loss and subchondral bone sclerosis (5, 6). 
OA diagnosis is normally based on pathological changes seen on x-ray and the 
presence of joint signs and symptoms (7). Gradual radiographic evidence of 
joint damage and an increase in the amount of pain and physical disability are 
indicators of OA progression (8). However, an accurate evaluation is difficult 
because of the unspecific nature of OA signs and symptoms (9, 10) and 
sometimes their poor association with radiographic findings (11), enhancing the 
need to find clinical and demographic characteristics that can be used in clinical 
practice to identify persons with this condition.  
Among the most common joint sites affected by OA, the knee is one of 
the most prevalent (1) and more frequently associated with pain and disability 
(12, 13).  The understanding of the pathophysiology of joint degeneration that 
leads to knee OA has been improving and different non-modifiable and 
modifiable risk factors have been identified (12, 14-16). Older age, female sex 
and higher BMI are established risk factors in knee OA, both as determinants 
and as key factors on the disease progression (17-19).  However, the potential 
role of a formal inclusion of such factors to improve the ability to identify patients 
with knee radiographic OA is not so well understood (20-22). Identifying how 
these simple clinical and demographic characteristics can represent a high 
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probability of having radiographic OA, which, in turn, represent a greater chance 
of OA, allows them to be used in clinical practice to identify persons with this 
condition, particularly in situations where radiography might be difficult, 
undesirable, or even to decide if it is necessary.   
The purpose of this cross-sectional study is to evaluate the role of age, 
sex, BMI and pain in the identification of patients with knee radiographic OA, 
using path analysis to explore interactions and mechanisms beyond individual 
risk and radiographic features.  
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Methods 
Data collection 
The study was performed using information collected as part of the 
EPIPorto cohort (23). Briefly, this cohort evaluates non-institutionalized adults, 
resident in Porto, an urban centre located in northwest Portugal with almost 
400,000 inhabitants. Participants were selected by random digit dialling and 
invited to visit the University of Porto Medical School for an evaluation, which 
included an interview based on a structured questionnaire on social, 
demographic, behavioural and clinical data. The proportion of participation was 
70%. The local ethics committee of S. João Hospital, a university hospital, 
approved the study protocol. All participants gave written consent to participate 
in the study, which was carried out in accordance with the Helsinki Declaration. 
Data were collected by trained interviewers using structured 
questionnaires. We evaluated marital status (categorized on two categories: 
married/civil union and single/divorced/widow), years of education (measured 
as the number of successfully completed years of formal schooling), occupation 
(white collar, blue collar and other, including students, unemployed and those 
who never had a job) and current occupational status (working, retired and 
other). Based on self-reported diagnosis we also evaluated as dichotomous 
variables (yes/no) the presence of chronic diseases in general and a previous 
diagnosis of knee OA. 
Knee pain was evaluated using a set of "yes/no" questions. Firstly, 
participants were asked if they “ever had knee pain not related with any trauma 
or injury?”. If participants gave a positive answer to this question they were 
asked to answer (yes/no) to three further questions: “In the last year did you 
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have more than 3 knee pain episodes?”; “During the last 6 months did knee 
pain last longer than a week?”; “During the last month did you have knee 
pain?”. To understand if these questions could be used to measure severity of 
knee pain, factor analysis for dichotomous variables was performed. 
Body weight was measured to the nearest 0.1 kg using a digital scale 
(SECA®), and height was measured to the nearest centimeter using a wall-
stadiometer (SECA®); then using BMI [weight (kg)/height (m2)] we classified 
participants in three categories (< 25.0 kg/m2 underweight or normal; 25.0 to 
29.9 kg/m2 overweight;  ≥30 kg/m2 obese) (24). 
Weight-bearing antero-posterior (25) and lateral, semi-flexed (45º flexion) 
(26) radiographs of knees were obtained. Radiographic knee OA was evaluated 
in tibio-femoral (medial and lateral) and patelo-femoral of the right and left knee, 
and graded according to Kellgren Lawrence scale (KL) (5): Grade 0, none: no 
visible features of OA; Grade 1, doubtful: questionable osteophytes or 
questionable joint space narrowing; Grade 2, minimal: definitive small 
osteophytes, little/mild joint space narrowing; Grade 3, moderate: definitive 
moderate osteophytes, joint space narrowing of at least 50%; Grade 4, severe: 
joint space impaired severely, cysts and sclerosis of subchondral bone (27, 28). 
Radiographs were scored only by one reader, although he was unaware of the 
participants' clinical data. 
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Participants 
From the 2485 participants of the EPIPorto cohort that participated at the 
baseline evaluation, 1682 were re-evaluated during the follow-up performed 
between 2005 and 2008. From those, the first 1000 were systematically invited 
to do knee radiographs and 907 were evaluated; from these 13 participants had 
unreadable or incomplete knee radiographic evaluation. The final sample 
comprised the 894 participants with complete data on knee OA (figure 1). 
 
 
Data analysis  
Quantitative variables were described by mean (standard deviation) and 
qualitative variables were described by absolute and relative frequency.  
The means comparisons were made using independent samples t-test or 
Mann-Whitney test for skewed distributions and the proportions comparisons 
were made using the Chi-square test. 
Principal components analysis and factor analysis for dichotomous 
variables (latent trait model) were used to evaluate the dimensionality of 
radiographic knee OA (in order to identify the best way to summarise 
radiographic lesions) and in the pain questions (to measure the severity of knee 
pain), respectively. The internal consistency of both was assessed by the 
Cronbach’s Alpha. 
Path analysis was used to evaluate the role of gender, BMI and age in 
pain and radiographic findings. Path analysis is an extension of regression 
analysis which allows for simultaneous estimation of the interrelations between 
variables in a set (29). This technique is being increasingly used to decompose 
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and compare the magnitudes of effects between variables with complex 
interrelations or to test the plausibility of mediation effects (30). Path analysis 
was fitted with Mplus software (Muthén and Muthén, Los Angeles, California); 
Proportional odds ratios were estimated for the association between age, sex, 
BMI, pain and radiographic changes. 95% confidence intervals were calculated 
by bootstrapping; and goodness of fit was evaluated using the comparative fit 
index and the Akaike and Bayesian information criteria (29). 
To calibrate pain score between genders, we used equipercentile 
equating, where a score in women and men are equivalent if they have the 
same percentile rank (31).  
A decision tree to estimate radiographic OA was constructed. The Rpart 
and Ltm pakages from R®, a language and environment for statistical 
computing, were used to estimate the decision tree and the latent trait model.  
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Results 
Our sample was composed mainly by females (59.2%); the overall mean 
(standard deviation) of age was 58.1 (14.2) years. Knee pain (“ever having knee 
pain not related with any trauma or injury”) was reported by 43.8% of 
participants and knee radiographic OA (KL≥2) was present in 46.2%. Compared 
with those not considered in this analysis, included participants presented a 
significant lower proportion of females, were less educated and had a significant 
higher proportion of overweight/obese individuals (table 1). 
A principal component analysis considering all the joint compartments 
evaluated was performed in order to test how a summary measure could be 
used. This analysis allowed us to identify only one component for knee 
radiographic OA features, that explained 67.0% of the variance and a 
Cronbach’s Alpha of 0.90 (table 2). So, we estimated a mean score for knee 
radiographic changes for each participant and used this radiographic score for 
further analysis.  
Factor analysis for knee pain questions (dichotomous variables) 
identified only one factor and all items showed a factor loading higher than 0.86, 
with a global Cronbach’s Alpha of 0.70 (table 3). We decided to consider these 
items as a score for knee pain, with an increase in score representing an 
increase in pain severity. Score -1 represents participants with no knee pain; 
score 0 represents those that reported “ever had knee pain” but no other 
positive answer regarding: “the last year”, “the last 6 months” and “the last 
month”; score 1, score 2 or score 3, express the number of positive answers 
regarding: “the last year”, “the last 6 months” and “the last month”. 
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Figure 2 presents the causal pathways assumed for testing the relations 
between age, sex, BMI, radiographic score and pain score that allowed us to 
obtain a summary model of these relations (X2 for model fit=5.95; p=0.01) and 
proportional odds ratios (95% confidence intervals) are shown. We observed no 
effect of sex on radiographic lesions, but age and BMI were positively 
associated with higher radiographic score. Regarding pain score, we found a 
direct and positive effect from radiographic score, showing that pain is in part 
explained by OA radiographic changes. However, pain score is also explained 
by sex (lower pain scores were reported by males) and by BMI (higher BMI is 
associated with higher pain score). Our model identified there was no 
association of age with pain score and therefore did not include it in our results.  
Once we found a strong sex influence in pain score, we decided to 
perform a percentile calibration by sex before use the pain score on the 
classification tree. Table 4 showed the cumulative percentages of pain scores in 
females and males and the procedure to perform the calibration. This allowed 
eliminating sex influence in our decision tree.  So, for both genders pain scores 
were aggregated in 3 categories of pain, but the aggregation was performed 
differently by sex: in females the first three categories were aggregated to 
represent the lowest severity of pain while in males score 0 and score 1 were 
aggregated to represent the middle level of severity and the last two scores 
represent the highest severity of pain. 
Our classification tree to identify participants with radiographic OA 
identified age, BMI and percentile-calibrated pain score as the most relevant 
variables. Individuals aged ≥56.5 years present a high probability of 
radiographic OA, independently of the values of the other variables. On the 
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contrary among those bellow 42.5 years it is not likely to observe radiographic 
OA findings. For those between 42.5 and 56.5 years, BMI and pain score 
presented a relevant role to identify individuals with radiographic OA; In this age 
group, the probability of presenting radiographic features of OA was high 
among those with BMI ≥31.1 kg/m2; those with BMI <31.1 kg/m2, but with a 
percentile-calibrated pain score ≥1.5 probably also have radiographic OA (figure 
3). 
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Discussion 
The ageing of populations and recent changes in life styles around the 
world predicts a sharp increase in knee OA prevalence (11). Knee OA is 
associated with a range of intrinsic, behavioural and environmental 
determinants (9). Although risk factors have been extensively studied 
worldwide, it is important to understand the role of age, sex, BMI, pain in the 
probability of having radiographic OA. 
On clinical practice and on research setting the measurement of OA 
related pain is a challenge (32, 33). Analysing each question separately, we 
found that two of them presented a high sensitivity but a low specificity and all 
of them presented a positive likelihood ratio lower than 2.5 indicating a reduced 
ability to identify participants with radiographic KL≥2. This is in accordance with 
a meta-analysis (34) of 7 studies which estimated that knee pain presented a 
sensitivity of 58%, a specificity of 62% and a positive likelihood ratio of 1.57 for 
the diagnosis of knee OA; even when more specific questions regarding knee 
pain persistence were considered (3 studies) the sensitivity was 53%, specificity 
was 71% and the likelihood ratio was 1.67. Based on this meta-analysis, 
questions on usage-related pain allowed to improve sensitivity but imply a large 
restriction of specificity (34). We used a score based in a small number of 
questions, without any hierarchy on complaints, created by a group of health 
professionals with field clinical expertise and that could be easily used in a 
clinical setting or in population based studies. The pain score showed good 
performance (a factor loading higher than 0.86 and a global Cronbach’s Alpha 
of 0.70) allowing us to assume it as a good measure. As previously reported 
(35),  higher discrimination ability to identify participants with radiographic OA 
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was found using a pain score compared with single questions on knee pain. 
The use of this score allowed us to have an easy summary measure of pain and 
to order pain complains instead of a dichotomist approach (pain present or 
absent) that was unable to take in account the complexity of pain complains.  
Pain intensity may also be an important aspect in OA case ascertainment 
(20).  We tried to use pain intensity assessment, obtained through the visual 
analogue pain scale, but this information did not improve our model for the 
prediction of knee radiographic OA (even when we used data specific for each 
of the moments evaluated). Furthermore, our decision tree statistical criteria did 
not include these variables as relevant to explain radiographic OA features and 
identified the pain score without the pain quantification as the most relevant 
variable; therefore data for pain intensity was not considered in our score. 
The differences in the associations between radiographic and outcome 
measures might also be related to the radiographic views and classification 
used (36). It is known that multiple views detect more radiographic OA changes 
than single views alone (37)  and weight-bearing antero-posterior and lateral 
radiographs may not be sufficient to show the true extent of the pathology (38). 
Moreover, the radiographic evaluation according to the Kellgren-Lawrence 
score of 2–4 has some known limitations (27, 37, 39). However, the 
radiographic views selected are frequently used (36) and no important bias is 
expected in our OA classification of radiographs, since they were scored only by 
one reader that was blinded to all clinical data of the participant. 
We used path analysis as an approach to understand the mechanisms 
beyond individual risk factors, radiographic changes and pain complains (30). 
Our model showed good fitting parameters (30) and identified that higher age 
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and higher BMI were associated with higher radiographic score. This is in 
accordance with previous studies that identified these aspects as important 
determinants of knee OA occurrence and progression (12, 14). 
Age is a strong predictor of OA development (40). The vulnerabilities of a 
joint that occur as part of the aging process make it susceptible to disease (41); 
diminished capacity for cartilage repair, hormonal changes and the cumulative 
effects of environmental exposures are possible age-related mechanisms (42). 
 Higher body mass index is known as one of the most important risk 
factors for knee OA (13, 18, 43) and as predictor of OA progression (3). 
Overweight and obesity association with OA is probably the result of a 
mechanical process with the raise of load and stress for the joints (12, 43, 44); 
another possible explanation is associated with the pro-inflammatory action of 
fat (45, 46). Age and BMI influence on OA may be not just because of one of 
the aforementioned reasons, but as a result of a combination of them (47). 
Furthermore, the majority of people with OA have at least one co-morbid 
condition and higher age and higher BMI increases the prevalence of multiple 
co-morbid conditions which in turn increases the impact of OA (1). 
On the other hand, our model, found no statistical association between 
gender and radiographic changes. OA occurrence is thought to differ between 
males and females and some theoretical patophysiological mechanisms can be 
proposed for sex differences (8, 12). Although several large studies have 
demonstrated that females may have higher risk of OA development and 
progression than males (14, 48, 49) these associations can be, in part, related 
with the OA definition used, with higher differences when complaints are 
evaluated (symptomatic OA) which could represent that gender differences are 
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associated with the expression of the complaints instead of a real gender 
difference in the occurrence of OA (7, 20). 
As far as pain score is concerned, we found that higher radiographic 
changes presented a strong association with higher pain scores. This supports 
the relevance of pain as an important marker of OA and is in accordance with 
data showing that pain is frequently the primary reason for seeking health care 
(1, 43). Nevertheless, it is also described in the literature that, special in OA first 
stages, there seems to be a limited relationship between the degree of 
radiological changes and the impact on the patient signs and symptoms (20). 
Nevertheless, pain is highly associated with physical and psycho-social aspects 
beside pathological changes and this can explain the high variability of 
associations within literature (50).  
Although radiographic changes are an useful objective marker of OA, by 
itself have limited clinical value (37) and need to be perceived in the context of 
other clinical sings. On the other hand, it is also necessary to understand how 
radiographic data can add relevant information to the clinical signs. It is 
important to understand that several variables can predict a positive 
radiographic evaluation in OA. These characteristics may represent a high 
probability of radiographic OA and can be used in clinical practice to identify 
persons with the condition, particularly in situations where radiography is not 
available. Based on the classification tree, age was the first variable that 
allowed to identify individuals with radiographic changes (≥56.5 years), followed 
by BMI ≥31.1 kg/m2 (in participants with ages between 42.5 and 46.5 years) 
and finally percentile calibrated pain score ≥1.5 (on younger participants with 
BMI <31.1 kg/m2). This was in accordance with the previous associations found 
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in our path analysis and in accordance with established guidelines (34, 51) that 
include the need to consider radiographic findings in accordance with age, BMI 
and pain for a correct OA diagnosis and management. Withal, the analysis that 
we present, allow us to identify cut-offs for each of these widely known 
characteristics that can be used according to the set of patient characteristics. 
Our results need to be understood remembering that several other 
factors play an important role in OA case ascertainment. Functional impairment 
and limitations in activities of daily living is a key element in OA and should be 
considered in OA case identification (3, 20). Biomechanical joint factors can 
also contribute to OA, such as, for example, misalignment joints, proprioceptive 
deficits and muscle weakness (20). These aspects, not evaluated in this study, 
should deserve a better comprehensive approach in the future. 
Probably the major limitation of this study is its cross-sectional design, 
which doesn’t allows the exploration of how observed differences have been 
developed and interact over time; however, since we are estimating the 
probability of having radiographic OA changes, this aspect does not have a 
relevant effect. 
In clinical practice, the awareness and inclusion of OA specific variables 
and that can improve case ascertainment and early disease identification is 
essential. Although our study limitations, our results can aid the clinician to 
understand how to deal with age, sex, BMI and pain in the identification of knee 
OA patients. 
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Conclusions 
In knee OA, older age and higher BMI were associated with higher 
radiographic score, but sex had no statistical association. Females, higher BMI 
and higher radiographic score were statistically associated with higher pain 
scores. 
Age, sex, BMI and pain can help to estimate the probability of 
radiographic OA in individual patients. Higher age (≥56.5 years), BMI ≥31.1 
kg/m2 (in participants with ages between 42.5 and 46.5 years) and pain score 
≥1.5 (on younger participants with BMI <31.1 kg/m2) were the variables that 
allowed to identify individuals with knee radiographic OA. 
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Table1. Comparison between included and excluded participants 
 
 Excluded 
n=788 
 
Evaluated 
n=894 
 
p-value 
Age (years) Mean(SD) 56.7 (15.4) 58.1 (14.2) 0.05 
Sex n(%) Women 518 (65.7) 529 (59.2) <0.01 
Marital status n(%) Married 523 (66.4) 611 (68.3) 0.75 
Single or divorced 265 (33.6) 283 (31.7) 
Years of education n(%) 0-4 years  279 (35.4) 330 (37.0)  
<0.01 5-9 years 140 (17.8) 224 (25.1) 
10-12 years 127 (16.1) 123 (13.8) 
≥12 years 242 (30.7) 216 (24.2) 
Occupation n(%) White collar 
occupations 
468 (59.4) 530 (59.4) 0.39 
Blue collar 
occupations 
248 (31.5) 264 (29.6) 
Others (unemployed, 
student, never had a 
job) 
72 (9.1) 98 (11.0) 
Current occupation status n(%) Working 344 (43.7) 357 (40.0) 0.14 
Retired 333 (42.3) 383 (42.9) 
Others (unemployed, 
student, never had a 
job) 
111 (14.1) 153 (17.1) 
Self reported diagnosis of knee 
OA n(%) 
Yes 109 (13.9) 144 (16.1) 0.11 
Other chronic disease n(%) Yes 539 (69.5) 590 (66.4) 0.10 
Height (cm)  Mean(SD) 160.00 (9.08) 160.47 (9.22) 0.29 
Weight (kg)  Mean(SD) 70.01 (28.71) 70.42 (13.33) 0.70 
Body mass index (kg/m2) n(%) < 25.0kg/m2 293 (37.8) 273 (31.0) 0.01 
25.0-29.9 kg/m2 297 (38.3) 382 (43.4) 
≥30.0 kg/m2 186 (24.0) 226 (24.9) 
Knee Pain (“ever”) Yes 315 (40.2) 391 (43.8) 0.14 
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Table2. Principal component and factor analysis for radiographic knee features 
 
 
Radiographic knee features 
 
Component 1 
Right knee medial tibio-femoral OA 0,84 
Left knee medial tibio-femoral OA  0,82 
Right knee lateral tibio-femoral OA 0,80 
Left knee lateral tibio-femoral OA  0,83 
Right knee patelo-femoral OA  0,82 
Left knee patelo-femoral OA  0,81 
% of Variance explained 67,0% 
 
Global Cronbach’s Alpha 0,90 
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Table3. Internal consistency and factor analysis for dichotomous variables 
(latent trait model)  
 
 
 
 
 
 
 
 
Question 
 
Factor 
loading 
 
Cronbach’s 
Alpha  
If item deleted 
“In the last year did you had more than 3 knee pain episodes ?” 0.97 0.51 
“During the last 6 months did knee pain lasted longer than a week?” 0.86 0.74 
“During the last month did you had knee pain?”  0.95 0.52 
Global Cronbach’s Alpha 
 
 0.70 
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Table4. Percentile calibration for pain score and recoding variables for women 
and men, according with sample distribution. 
 
 
 
Pain 
Score 
 
Women 
Cumulative % 
 
Men 
Cumulative % 
Percentile calibration of 
Pain score 
 
Recoding variables 
 
Women Men 
-1 49.0 72.3  
0 (-1; 0; 1) 
1 (2) 
2 (3) 
 
0 (-1) 
1 (0; 1) 
2 (2; 3) 
0 60.2 83.1 
1 69.8 87.8 
2 86.7 95.2 
3 100% 100% 
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Figure 1. Flow diagram of study participants
1000 were systematically 
selected for knee radiographs 
93 - missing data;  
13 - unreadable or incomplete 
radiographic evaluation; 
894 participants 
 (529 women and 365 men)  
803 without follow-up evaluation 
2485 participants that have 
answered the main 
questionnaire 
1682 participated in the cohort 
follow-up 
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Figure 2. Path analysis between sex, age, BMI (Body Mass Index), radiographic 
score and pain score. Lines represent statistical significant associations 
(p<0.01), expressed by proportional odds ratio [POR (95% confidence 
intervals)]; Dot line represents a non statistical association (p=0.94); CIF, 
Comparative fit index; TLI, Tucker-Lewis Index; RMSEA, root mean square 
error of approximation; WRMR, weighted root mean square residual;* Male as 
reference category. 
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Figure 3. Classification tree for the prediction of radiographic OA. 
*BMI (Body mass index);  **Perc.pain score (Percentile pain score 
calibrated for sex) 
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3.3. Paper III: The effect of depressive symptoms on the association 
between radiographic osteoarthritis and knee pain:  
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http://www.biomedcentral.com/1471-2474/14/214RESEARCH ARTICLE Open AccessThe effect of depressive symptoms on the
association between radiographic osteoarthritis
and knee pain: a cross-sectional study
Duarte Pereira1,2, Milton Severo1,2, Henrique Barros1,2, Jaime Branco3, Rui A Santos4 and Elisabete Ramos1,2*Abstract
Background: The progressive nature of knee osteoarthritis (OA) leads to not only to physical but also to
psychosocial decline; this aspect can influence knee pain experience, manifestations and inevitably diagnostic
accuracy.
To analyze the role of depressive symptoms on the association between radiographic OA and knee pain,
understanding the ability of knee pain symptoms to find out individuals with radiographic OA.
Methods: Data on 663 subjects was obtained by interview using a structured questionnaire on social,
demographic, behavioural and clinical data. Painful knee was assessed regarding having pain: ever, in the last year,
in the last 6 months and in the last month. Using factor analysis, participants were graded using a knee pain score,
with higher scores representing more symptomatology. Depressive symptoms were evaluated with the Beck
Depressive Inventory (BDI), and radiographic knee OA was classified using the Kellgren Lawrence (KL) scale; those
with KL ≥ 2 were considered as having radiographic OA.
Results: Knee pain was reported by 53.2% of those with radiographic KL ≥ 2 and by 33.2% of those with
radiographic KL < 2. The prevalence of depressive symptoms (BDI > 14) was 19.9% among participants with
radiographic KL ≥ 2 and 12.6% among those with radiographic KL < 2 (p = 0.01). The association of knee pain with
radiographic knee OA was higher in higher pain scores and in participants without depressive symptoms. Among
participants with BDI ≤ 14 the likelihood ratio to identify patients with radiographic knee OA increased with
increased pain scores: 1.02 for score 1; 2.19 for score 2 and 7.34 when participants responded positively to all pain
questions (score 3). Among participants with depressive symptoms (BDI > 14) likelihood ratios were 0.51, 1.92, 1.82,
respectively. The results were similar for both genders.
Conclusions: Knee pain scores increased ability to identify participants with radiographic KL ≥ 2 in both sexes.
However, the presence of depressive symptoms impairs the ability of knee pain complaints to identify patients with
radiographic OA.
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Osteoarthritis (OA) is one of the most frequent causes
of pain and disability, representing a substantial burden
for the individual and for society [1-3]. Since incidence
and prevalence increases with age, longer life expectancy
will result in an increase in OA in the future [4,5].
Among the most common joint sites affected by OA,
the knee is one of the most prevalent [6]. The knee is a
weight-bearing joint, essential for function, and fre-
quently associated with more reported pain in OA [6-8].
Accurate diagnosis and timely intervention is essential
to minimize the consequences of knee OA and to slow
its progress [9].
Knee OA diagnosis is based on radiographic changes
and clinical examination [10]. According to recent recom-
mendations, beside the radiographic evaluation, three
symptoms (persistent knee pain, limited morning stiffness
and reduced function) and three signs (crepitus, restricted
movement and bony enlargement) were considered the
most useful in the identification of OA patients [11].
Pain is thought to be an important marker of OA and
is frequently the primary reason for seeking health care.
It is correlated with radiographic symptomatic changes
[12], strongly associated with other signs and symptoms
and reliably predicts future disability [13]. Additionally,
treatment strategies in OA are frequently focussed on
pain relief and control [6]. However, there is a high vari-
ability in symptoms among individuals with radiographic
findings making it difficult to identify patients with OA
and to evaluate the progression of the disease among
those already identified [11,14].
Several psycho-social determinants may explain differ-
ences in how people experience their symptoms [15].
Pain somatization is a frequent manifestation in de-
pressed people and may predispose patients to report
pain more often or even to exacerbate it [16]. Depressive
symptoms are a common condition in adults and are
frequently un-diagnosed [17]. On the other hand, it is
also well-known that depression and its manifestations
are prevalent among people with OA [18,19]. While
chronic pain itself can cause or aggravate depressive
symptoms, the impact of existing depressive symptoms
on the experience of pain also needs to be explored [20].
Although recently several studies have evaluated the
concordance between radiographic findings and knee pain
and have found a strong association [10,16,21], it is im-
portant to investigate the role of depressive symptoms
in this relation. A comprehensive understanding of these
factors can improve diagnosis and clinical approach to pa-
tients [15,18]. The aim of this study is to analyze the role
of depressive symptoms on the association between radio-
graphic OA and knee pain, understanding the ability of
knee pain symptoms to find out individuals with radio-
graphic OA.Methods
Data collection
The study was performed using information collected as
part of the EPIPorto cohort [22]. Briefly, this cohort eva-
luates non-institutionalized adults, resident in Porto, an
urban centre located in northwest Portugal with almost
400,000 inhabitants. Participants were selected by ran-
dom digit dialling and invited to visit the Department of
Clinical Epidemiology, Predictive Medicine and Public
Health for an evaluation, which included an interview
based on a structured questionnaire on social, demo-
graphic, behavioural, clinical data and physical exami-
nation. The proportion of participation was 70%.
The local ethics committee of S. João Hospital, a univer-
sity hospital, approved the study protocol. All participants
gave written consent to participate in the study, which was
carried out in accordance with the Helsinki Declaration.
As previously reported, data was collected by trained in-
terviewers using structured questionnaires plus a clinical
interview and examination by a physician. We evaluated
marital status (categorized on two categories: married/civil
union and single/divorced/widow), years of education
(measured as the number of successfully completed years
of formal schooling), occupation (white collar, blue collar
and other, including students, unemployed and those who
had never had a job) and current occupational status
(working, retired and other). We also evaluated as dichot-
omous variables (yes/no) regular physical activity practice,
chronic medication, self-reported diagnosis of depression,
knee OA, other chronic diseases and other rheumatic
diseases.
Knee pain was evaluated using a set of “yes/no” ques-
tions. Firstly, participants were asked if they “ever had
knee pain not related with any trauma or injury?” If par-
ticipants gave a positive answer they were asked to an-
swer (yes/no) to a further three questions: “In the last
year did you have more than 3 knee pain episodes?”;
“During the last 6 months did knee pain last longer than
a week?”; “During the last month did you have knee
pain?” To understand if these questions could be used to
measure severity of knee pain, factor analysis for dicho-
tomous variables was performed.
For depressive symptoms the Portuguese version of
the Beck Depression Inventory (BDI) was used [23]. It is
composed of 21 items, evaluating symptoms and atti-
tudes, covering emotions, behavioural changes, and som-
atic symptoms in the previous 2 weeks before the
evaluation. The final score ranges from 0 to 63, with
higher scores representing more severe depressive symp-
toms [24] and those who scored higher than 14 were
considered to have depressive symptoms.
Body weight was measured to the nearest 0.1 kg using
a digital scale (SECAW), and height was measured to the
nearest centimeter using a wall-stadiometer (SECAW);
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(m2)] we classified participants in three categories
(< 25.0 kg/m2 underweight or normal; 25.0 to 29.9 kg/m2
overweight; ≥30 kg/m2 obese) [25].
Weight-bearing radiographs of the knees (standard
anterior-posterior and lateral views) were taken and
graded according to the Kellgren Lawrence scale (KL):
Grade 0, none: no visible features of OA; Grade 1,
doubtful: questionable osteophytes or questionable joint
space narrowing; Grade 2, minimal: definitive small
osteophytes, little/mild joint space narrowing; Grade 3,
moderate: definitive moderate osteophytes, joint space
narrowing of at least 50%; Grade 4, severe: joint space
impaired severely, cysts and sclerosis of subchondral
bone [26,27]. A subject was considered to have radio-
graphic OA if the KL score at least on one side was
greater or equal to two [14]. Radiographs were scored
only by one experienced reader that was unaware of the
participants’ clinical data. In order to estimate the intra-Table 1 Comparison between included and excluded particip
Age (years) Mean (SD)
Sex n (%) Female
Marital status n (%) Married/civil union
Single/divorced/widow
Years of education n (%) 0-4 years
5-9 years
10-12 years
≥12 years
Occupation n (%) White collar occupations
Blue collar occupations
Other (unemployed, student, never h
Current occupation status n (%) Working
Retired
Other (unemployed, student, never h
Regular Physical Activity n (%) Yes
Chronic medication n (%) Yes
Self reported diagnosis n (%) Knee OA
Other rheumatic disease
Depression
Other chronic disease
Height (cm) Median (25th–75th percentile)
Weight (kg) Median (25th–75th percentile)
Body mass index (kg/m2) n (%) < 25.0 kg/m2
25.0-29.9 kg/m2
≥30.0 kg/m2
Knee Pain (“ever”) Yes
BDI score Median (25th–75th percentile)observer reliability we calculated the Cronbach’s Alpha
[28] which was 0.9 and allowed us to assume as very
good our intra-observer reliability [29].Participants
From the 2485 participants of the EPIPorto cohort that
participated at the baseline evaluation, 1682 were re-
evaluated during the follow-up performed between 2005
and 2008. The first 1000 participants were systematically
invited. Compared with the 1682 participants evaluated,
participants with radiographic evaluation were signifi-
cantly lower educated [8.79 (5.07) vs. 9.26 (5.45), p <
0.01] and had a lower proportion of females (58.4% vs.
65.3%, p < 0.01). From the first 1000 participants syste-
matically invited to do radiographs, we obtained 907
knee radiographs; from these 13 participants had unread-
able or incomplete knee radiographic evaluation and 231
had missing data for BDI.ants
Excluded n = 337 Evaluated n = 663 p-value
56.5 (14.1) 58.0 (15.2) <0.01
197 (58.5) 371 (56.0) 0.45
238 (70.6) 454 (68.5) 0.46
99 (29.4) 209 (31.5)
92 (27.3) 202 (30.5) 0.77
89 (26.4) 172 (25.9)
56 (16.6) 104 (15.7)
100 (29.7) 185 (27.9)
226 (67.1) 422 (63.6) 0.53
79 (23.4) 167 (25.2)
ad a job) 32 (9.5) 74 (11.2)
157 (46.6) 294 (44.3) 0.74
133 (39.5) 267 (40.3)
ad a job) 47 (13.9) 102 (15.4)
160 (47.4) 325 (49.0) 0.65
115 (34.1) 212 (32.0) 0.49
38 (11.3) 87 (13.1) 0.40
12 (3.6) 26 (3.9) 0.78
90 (26.7) 183 (27.6) 0.76
130 (38.6) 240 (36.2) 0.46
161 (155.1-168.3) 160.8 (154.0-168.0) 0.42
69.8 (61.2-79.1) 69.7 (60.0-79.0) 0.73
118 (35.0) 222 (33.5) 0.81
152 (45.1) 314 (45.8)
67 (19.9) 137 (20.7)
133 (39.5) 280 (42.2) 0.40
6 (3–12) 7 (3–12) 0.59
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(371 females and 292 males) were analysed. The overall
median (25th–75th percentile) age was 58 (48–67) years
and the overall median BDI score was 7(3–12). Depres-
sive symptoms (BDI > 14) were found in 28.5% of the
participants and 17.7% presented both knee pain and de-
pressive symptoms. As shown in Table 1, the 337 partici-
pants not included in the analysis were younger than
those included [56 (47–66) vs. 58 (48–67) (p < 0.01)],
but no other characteristics were significantly different
among the two groups.
Data analysis
Continuous variables were described by mean (standard
deviation) for variables with a normal distribution and
by median (25th–75th percentile) for skewed distribu-
tions. Comparisons were tested using independent t-test
for means, Mann–Whitney test for non-parametric dis-
tributions and qui-squared for proportions. To estimate
the association of pain score and radiographic knee OA
with depressive symptoms (BDI ≥ 14) we used odds ratio
(OR) and their 95% confidence interval (95% CI) calcu-
lated by logistic regression, adjusted for age, BMI and
gender. Data analysis was performed using R® statistical
software, considering a significance level of 5%.
The dimensionality and internal consistency of knee
pain questions was assessed by factor analysis for dichot-
omous variables (latent trait model) and Cronbach’s
Alpha, respectively. The ability of the knee pain score to
discriminate between patients with or without radio-
graphic KL ≥ 2 OA was summarised by sensitivity, specifi-
city and likelihood ratios (LR = sensitivity/(1 − specificity))
[30,31], stratifying by sex and BDI score.
Results
Factor analysis for knee pain questions (dichotomous
variables) identified only one factor and all items showed
a factor loading higher than 0.86, and a global
Cronbach’s Alpha of 0.66 (Table 2). So we decided to
consider these items as a score for knee pain and we
classified participants as having no knee pain (score −1),
knee pain but no other positive answer (score 0), and
score 1, score 2 or score 3, according to the number
positive answers. Overall radiographic knee OA (KL ≥ 2)
was present in 45.4% of the participants and 42.2%
reported “having had knee pain not related with anyTable 2 Internal consistency and factor analysis for dichotom
Question
“In the last year did you have more than 3 knee pain episodes?”
“During the last 6 months did knee pain last longer than a week?”
“During the last month did you have knee pain?”
Global Cronbach’s Alphatrauma or injury”. Stratifying by radiographic classifica-
tion, knee pain was reported by 53.2% of those with
radiographic KL ≥ 2 and by 33.2% of those with radio-
graphic KL < 2. Also, the proportion of participants with
higher pain scores was larger among those with radio-
graphic KL ≥ 2 (Figure 1).
We found that participants with higher pain scores
had higher odds of having depressive symptoms. After
adjustment for age, BMI and gender and considering
participants with no pain (pain score −1) as reference
category we found: OR = 1.22 (95% CI 0.53; 2.79) for
pain score 0, OR = 1.71 (95% CI 0.77; 3.77) for pain
score 1, OR = 3.51 (95% CI 1.92; 6.44) for pain score 2
and OR = 5.64 (95% CI 2.85; 11.16) for pain score 3.
The association between pain score and radiographic
knee OA by categories of depressive symptomatology is
presented in Table 3. The odds of having radiographic
knee OA (KL ≥ 2) was higher in participants with higher
scores of pain, both in patients with and without depres-
sive symptoms; however the differences were higher
among those with BDI < 14, even after after adjustment
for age, BMI and gender.
The sensitivity, specificity and likelihood ratio regar-
ding each knee pain question is described in Table 4.
The question with the lowest sensitivity was “During the
last 6 months, did knee pain last longer than a week?”
(32.9%). The question regarding pain episodes in the last
month presented the highest sensitivity value (72.8%). In
general, small likelihood ratios were obtained regarding
the pre and post-test probability of having radiographic
OA, showing the low ability of these questions to iden-
tify participants with knee radiographic OA.
Considering the pain score (Table 5), score −1 (partici-
pants that reported no pain) showed a high sensitivity to
identify patients with knee OA (46.8%), which probably
reflects the high number of participants with knee radio-
graphic KL ≥ 2 but without pain; however this score also
presented a very low specificity (33.1%).
Among those that reported at least one positive an-
swer on the pain questionnaire (scores from 0 to 3) the
ability of knee pain to identify patients with radiographic
knee OA increased with increased scores. When we used
only the “have you ever had knee pain” question (score
0) or even with score 1 (“have you ever had knee pain”
and another positive question) a very low sensitivity was
reached (9.3% and 8.3%, respectively) and we obtained aous variables (latent trait model)
Factor loading Cronbach’s alpha if item deleted
0.91 0.51
0.86 0.70
0.98 0.46
0.66
663 participants
Knee radiographic KL<2
362 (54.6%)
Without knee pain 
242 (66.9%)
(Score -1)
Knee pain
120 (33.1%)
Score 0 
42 (35.0%)
Score 1 
33 (27.5%)
Score 2
32 (26.7%)
Score 3
13 (10.8%)
Knee radiographic KL 2
301 (45.4%)
Without knee pain
141 (46.8%) 
(Score -1)
Knee pain
160 (53.2%)
Score 0
28 (17.5%)
Score 1
25 (15.6%)
Score 2
60 (37.5%)
Score 3
47 (29.4%)
Figure 1 Distribution of participants according to knee pain and radiographic findings.
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0.80 and 0.91). Scores 2 and 3 presented a high specifi-
city (>90%) but a low sensitivity (<20%), but neverthe-
less this was twice as high as the sensitivity obtained
with the score 1 and 2. Based on the positive likelihood
ratio, the pos-test probability of having a knee radio-
graphic KL ≥ 2 for those who scored 2 was twice that of
the pre-test probability and this increased to 4.35 when
participants scored 3. Similar results were found by
sex. However, additional positive answers in malesTable 3 Association between radiographic score and knee pa
Knee
pain
score
Radiographic score
KL < 2 KL ≥ 2
n (%) n (%)
BDI < 14
-1 222 (70.3) 128 (53.1
0 38 (12.0) 24 (10.0)
1 27 (8.5) 21 (8.7)
2 24 (7.6) 40 (16.6)
3 5 (1.6) 28 (11.6)
BDI ≥ 14
-1 20 (43.5) 13 (21.7)
0 4 (8.7) 4 (6.7)
1 6 (13.0) 4 (6.7)
2 8 (17.4) 20 (33.3)
3 8 (17.4) 19 (31.7)
*Crude odds ratio for radiographic OA (KL ≥2); **Adjusted odds ratio for age, bodycontributed to higher likelihood ratios than in females
(Table 5).
To analyze the role of depressive symptoms in the dis-
crimination ability of knee pain to identify individuals
with radiographic OA, we decided not to stratify by sex
in order to have enough power. The prevalence of de-
pression (BDI > 14) was 19.9% among participants with
radiographic KL ≥ 2 and 12.6% in those with radiographic
KL < 2 (p = 0.01). Among participants with BDI ≤ 14 add-
itional positive answers (increased knee pain score)in score, according to depressive symptoms
Crude Adjusted
odds ratio* odds ratio**
) 1 (reference category) 1 (reference category)
1.10 (0.63; 1.91) 0.85 (0.46; 1.58)
1.35 (0.73; 2.48) 1.03 (0.51; 2.07)
2.89 (1.67; 5.01) 2.28 (1.21; 4.30)
9.71 (3.66; 25.78) 5.37 (1.90; 15.18)
1 (reference category) 1 (reference category)
1.54 (0.33; 7.26) 1.68 (0.35; 8.18)
1.03 (0.24; 4.35) 1.14 (0.25; 5.14)
3.85 (1.31;11.29) 3.60 (1.17; 11.07)
3.65 (1.24; 10.78) 2.73 (0.84; 8.86)
mass index (BMI) and gender.
Table 4 Diagnostic accuracy of each knee pain question to identify participants with knee radiographic KL ≥ 2, total
and by sex
Question All participants Female Male
n
(%)
Sensitivity
%
1-
Specificity
Like-
lihood
Ratio
n
(%)
Sensitivity
%
1-
Specificity
Like-
lihood
Ratio
n
(%)
Sensitivity
%
1-
Specificity
%
Like-
lihood
Ratio
“Have you ever had
knee pain not
related with any
trauma or injury?”
(yes)
280
(42.2)
53.2 33.2 1.60 192
(51.8)
63.9 41.6 1.54 88
(30.1)
39.4 22.5 1.75
“In the last year did
you have more than
3 knee pain
episodes?”(yes)
172
(61.0)
71.4 47.0 1.52 131
(68.2)
78.7 54.8 1.44 41
(45.6)
56.6 29.7 1.90
“During the last
6 months did knee
pain last longer than
a week?”(yes)
72
(25.5)
32.9 15.7 2.10 50
(26.0)
33.3 16.7 2.0 22
(24.4)
32.1 13.5 2.37
“During the last
month did you have
knee pain?” (yes)
178
(62.9)
72.8 49.6 1.47 131
(67.9)
76.1 57.1 1.33 47
(52.2)
66.0 32.4 2.04
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with score 2 had twice the probability of having radio-
graphic KL ≥ 2 than before the questions and this in-
creased to 7.34 for those who scored 3. In the presence of
depressive symptoms BDI > 14 the ability of these ques-
tions to identify participants with radiographic knee OA
became lower, with a positive likelihood ratio of 1.92 for
those who scored 2 and 1.82 for those who scored 3
(Table 6).
Discussion
In our study, a high proportion of participants had
radiographic findings but did not report knee pain
(21.3%). This is in accordance with previous data
[1,32-34]. Pain is the most frequent complaint in OATable 5 Diagnostic accuracy of knee pain scores to identify p
total and by sex
All participants F
n
(%)
Sensitivity
%
1-
Specificity
%
Likelihood
Ratio
n
(%)
Sensitivity
%
Score
−1 383
(57.8)
46.8 66.9 0.70 179
(48.2)
36.1
0 70
(10.6)
9.3 11.6 0.80 37
(10.0)
8.9
1 58
(8.7)
8.3 9.1 0.91 42
(11.3)
9.5
2 92
(13.9)
19.9 8.8 2.26 69
(18.6)
25.4
3 60
(9.0)
15.6 3.5 4.35 44
(11.9)
20.1and frequently the first reason for consulting a physician
[12]. It is an unspecific symptom and its expression may
be associated with other conditions than OA [34,35],
making pain assessment a relevant but difficult issue
[36]. We found that participants with higher pain scores
had higher odds of having depressive symptoms. Add-
itionally, a higher association of knee pain with radio-
graphic knee OA was found in participants without
depressive symptoms. The probability of a participant
having radiographic KL ≥ 2 rose substantially with the
number of positive answers to knee pain questions (in-
creased pain scores). This is more obvious in score 2
and 3 where the higher likelihood ratios were found.
These results reinforce our idea that using a score was
better than using each separate question and they werearticipants with knee radiographic KL ≥ 2,
emale Male
1-
Specificity
%
Likelihood
Ratio
n
(%)
Sensitivity 1-
Specificity
Likelihood
Ratio
58.4 0.62 204
(69.9)
60.6 77.5 0.78
10.9 0.82 33
(11.3)
9.8 12.5 0.79
12.9 0.74 16
(5.5)
6.8 4.3 1.56
12.9 1.98 23
(7.9)
12.9 3.8 3.43
5.0 4.06 16
(5.5)
9.8 1.9 5.25
Table 6 Diagnostic accuracy of knee pain scores to identify patients with and without radiographic knee OA, according
to depressive symptoms
BDI≤ 14 BDI > 14
n (%) Sensitivity% 1-Specificity% Likelihood ratio n (%) Sensitivity% 1-Specificity% Likelihood ratio
Score
−1 350 (62.8) 53.1 70.3 0.76 33 (31.1) 21.7 43.5 0.50
0 62 (11.1) 10.0 12.0 0.83 8 (7.5) 6.7 8.7 0.77
1 48 (8.6) 8.7 8.5 1.02 10 (9.4) 6.7 13.0 0.51
2 64 (11.5) 16.6 7.6 2.19 28 (26.4) 33.3 17.4 1.92
3 33 (5.9) 11.6 1.6 7.34 27 (25.5) 31.7 17.4 1.82
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ability of individual questions on knee pain for the diag-
nosis of OA [11].
Our results were consistent in females and males, but
positive answers in males contributed to higher likeli-
hood ratios than in females. This may be explained by
sex differences in pain perception, evaluation, and
reporting, with females reporting pain more frequently
than males, which may make these symptoms more un-
specific in females [37-39].
Since, in general, our data showed similar results by
sex, and in order to improve the statistical power, we de-
cided to analyze the role of depressive symptoms not
stratifying by sex. Among participants with BDI ≤ 14 the
likelihood ratio to identify patients with radiographic
knee OA increased with increased pain scores reaching
7.34 when participants responded positively to all pain
questions (score 3). In the presence of depressive symp-
toms (BDI > 14) our score became unable to identify par-
ticipants with radiographic knee OA since the likelihood
ratios ranged from 0.77 for those with one positive an-
swer (score 0) to 1.82 for those with all positive answers
(score 3). These results are in accordance with other
studies that show that depressive symptoms can change
pain perception and contribute to pain over-expression
[20,35,40]. Thus, in the presence of depressive symp-
toms, pain becomes more unspecific so the ability of
pain complains to allow the identification of patients
with radiographic OA is lower.
It is important to highlight that our data was from a
population-based study and participants had low depres-
sive symptomatology [median of 7 (25th–75th percent-
ile: 3–12)]. It can be argued that in populations with
more prevalent depressive symptoms, such as older pop-
ulations or those with higher co-morbidities, knee pain
can even have a lower discrimination ability to identify
participants with OA.
On the other hand, among participants with depressive
symptoms, pain questions could be useful to identify
those without disease, since negative answers (reporting
no pain) allowed the best specificity (57%) and a positive
likelihood ratio of 0.50.Considering all participants, the score −1, correspond-
ing to participants that reported no pain, was unable to
efficiently discriminate participants according to radio-
graphic OA findings (it presented a high sensitivity, but
a very low specificity and the lowest likelihood ratio). So,
reporting “no knee pain” was not enough to accurately
identify participants without radiographic OA. However,
stratified analysis by depressive symptoms, showed that
among participants with depressive symptoms the speci-
ficity of score −1 rose to almost 60%, showing that in
this group of participants reporting “no knee pain” may
be a better marker to identify participants without radio-
graphic OA.
Pain related to OA is associated with an increased risk
of worse psychological outcomes, including anxiety, de-
pression and helplessness [15,18,41]. Since our data is
based on a cross-sectional study, it is impossible to
understand if depressive symptoms are responsible for
OA pain manifestations or whether they are caused by
OA pain. However, this was not the purpose of our
study. We tried to understand if the presence of depres-
sive symptoms, regardless of their causes, may influence
knee pain expression and its ability to identify patients
with relevant radiographic OA findings.
We tried to minimize the problem of pain assessment
using questions with different time frames. Nevertheless,
the ability of knee pain to identify participants with
radiographic OA would probably improve with a higher
number of questions; however, we tried to use a small
number of easy questions, which could be easily used in
a clinical setting or in population based studies.
One limitation of our study was the inability to ex-
plore other common features of OA such as stiffness,
loss of joint mobility, swelling, tenderness, joint deform-
ity and muscle weakness. However, pain is thought to be
one of the aspects that is more correlated with radio-
graphic symptomatic changes [10] and is also highly as-
sociated to the other OA signs and symptoms, namely
disability [32,42]. So we could expect a similar effect of
depressive symptoms on those signs and symptoms.
In our study radiographic OA was defined as Kellgren
Lawrence score of 2–4, and some reliability and validity
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radiographs were scored only by one experienced reader
that was unaware of the participants’ clinical data. We
used a cut off point ≥ 2 to define radiographic OA which
is also a controversial aspect [26,27]. Since differences
would be expected in the relation between pain and
radiographic changes according to disease severity [21],
we performed the same analyses using KL ≥ 3 as cut off
point and we found a slight improvement in the ability
of knee pain to identify participants with radiographic
OA, but those differences disappeared among those with
depressive symptoms (data not shown).
Although our study was developed from a population-
based study, we lost almost 33% of the participants for
our research, which could determine a selection bias.
Nevertheless, non-participants were quite similar to the
studied population although younger. Thus, despite
some limitations, our results support the idea that psy-
chological status deserves greater clinical and research
attention in OA, since the presence of depressive symp-
toms impairs the ability of pain complaints to identify
potential OA patients or to correctly manage the disease
in those already diagnosed. The evaluation and treat-
ment of depressive symptoms should be an integrative
part of OA patient management, in order to improve it
and to ensure that knee pain expression can be correctly
understood.Conclusions
Our study highlights the importance of a more compre-
hensive understanding of pain complaints to improve
our ability to identify individuals with OA and to apply
rational treatment strategies.
Knee pain was associated both with depressive symp-
toms and radiographic OA. Single questions on knee
pain symptoms do not allow the identification of pa-
tients with radiographic OA, but better discrimination
ability was found using a score of four questions, with
higher scores showing the higher discrimination ability
in both sexes. However, the presence of depressive
symptoms impairs the ability of knee pain complaints in
OA diagnosis and management.
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Abstract 
Objective: To understand how the relation between radiographic osteoarthritis 
(OA) features, pain, function and quality of life changes between knee and hip 
joints. 
Methods: A cross-sectional study was performed using information from EPIPorto 
cohort. Data was obtained by interview using a structured questionnaire on social, 
demographic, behavioural and clinical data. Pain was assessed using a score 
based on pain complaints (ever, in the last year, in the last 6 months and in the 
last month). Quality of life was evaluated with SF-36 and function disability with the 
Lequesne knee and hip indexes. Radiographic knees and hips were classified 
using the Kellgren Lawrence score (0-4). Linear regression and proportional odds 
ratios estimated the association between radiographic changes, pain, function and 
quality of life. 
Results: Radiographic knee OA (KL≥2 at least on one location) was present in 
46.8% and hip OA in 24.1% of the participants. Symptomatic OA (KL≥2 plus joint 
pain) was 26.0% in knee and 7.0% hip joints. In knee, the increase on 
radiographic score increased the odds to have a higher pain score [1.58 (95% CI = 
1.27; 1.97)] and was associated [adjusted β (95% CI)] with worst general health [-
3.05 (-5.00;-1.09)], physical function [-4.92 (-7.03;-2.80)], role-physical [-4.10 (-
8.08;-0.11)], bodily pain [ -2.96 (-5.45;-0.48)] and limitations in activities of daily 
living [0.48 (0.08; 0.89)]. Regarding hip, no significant associations were found 
between the severity of radiographic lesions and these measures. 
Conclusions:  Radiographic lesions in hip generate fewer complaints than in 
knee, which can influence OA case ascertainment. 
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1. Introduction 
Osteoarthritis (OA) is the most common age-related disease (1) and is the 
major cause of pain and locomotor disability worldwide (2). OA is a complex joint 
disease characterized by focal cartilage loss, new bone formation and involvement 
of all joint tissues (3). Gradual radiographic evidence of joint damage and an 
increase in the amount of complaints are indicators of OA progression (4). 
However, similar radiographic patterns could bring on different complaints (5). 
Knee OA is more prevalent than hip OA, but the difference on these 
estimates changes according to the OA definition used, with differences becoming 
larger when symptomatic OA is considered and lower when the definition is based 
only on radiographic lesions (6). Since radiographic knee and hip OA expresses 
objective joint physiopatological changes (7, 8) differences on the disease 
prevalence by joint site could be related with differences on the expression and 
evaluation of the complaints (2).  
Although both knee and hip are weight-bearing joints, they have a different 
anatomy and different biomechanical actions and functions. It can be expected 
that similar radiographic scores can be associated with different patterns of 
complaints in knee and hip (1, 9, 10). Independently of the joint affected, pain and 
functional impairment are the key domains of OA complaints, and taken together 
they often exert a significant reduction in quality of life (11). 
Understanding how different are hip and knee complaints according to 
radiographic findings can help to perceive the differences in OA case identification 
between these joints (1, 12-14). This knowledge is essential to realize the real 
differences on prevalence and incidence according to the joint site and to insure a 
better case ascertainment. Furthermore, from a clinical point of view is also 
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important to understand how similar complaints may indicate different levels of 
disease severity according to the joint involved which could help on the diagnosis 
and the management of the disease. 
The purpose of this study, applied to knee and hip joints, is to understand if 
the relation between radiographic OA features and pain or function or quality of life 
depends on the anatomical joint site considered. 
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2. Methods 
2.1. Data collection 
The study was performed using information collected as part of the 
EPIPorto cohort (15). Briefly, this cohort evaluates non-institutionalized adults, 
resident in Porto, an urban centre located in northwest Portugal with almost 
400,000 inhabitants. Participants were selected by random digit dialling and invited 
to visit the Department of Clinical Epidemiology, Predictive Medicine and Public 
Health, at the University of Porto Medical School, for an evaluation, which included 
an interview based on a structured questionnaire on social, demographic, 
behavioural and clinical data. The proportion of participation at recruitment was 
70%. 
The local ethics committee of S. João Hospital, a university hospital, 
approved the study protocol. All participants gave written consent to participate in 
the study, which was carried out in accordance with the Helsinki Declaration. 
 
2.2. General data collection 
Between 2005 and 2008 the first follow-up was performed and data was 
collected by trained interviewers using structured questionnaires plus a physical 
examination.  
We evaluated marital status (categorized on two categories: married/civil 
union and single/divorced/widow), years of education (measured as the number of 
successfully completed years of formal schooling), occupation (white collar, blue 
collar and other, including students, unemployed and those who never had a job) 
and current occupational status (working, retired and other). Based on self-
reported diagnosis we also evaluated as dichotomous variables (yes/no) the 
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presence of chronic diseases in general and a previous diagnosis of knee and hip 
OA. 
Knee and hip pain were evaluated using a set of "yes/no" questions. Firstly, 
participants were asked if they “ever had knee pain not related with any trauma or 
injury?” and if they “ever had hip pain not related with any trauma or injury?”. If 
participants gave a positive answer they were asked to answer (yes/no) to three 
further questions on each joint: “In the last year did you have more than 3 pain 
episodes?”; “During the last 6 months did pain last longer than a week?”; “During 
the last month did you have pain?”. 
The Portuguese version of the Beck Depression Inventory (BDI) was used 
to evaluate depressive symptoms (16). It is composed by 21 items, evaluating 
symptoms and attitudes, covering emotions, behavioural changes, and somatic 
symptoms in the previous 2 weeks before the evaluation. The final score ranges 
from 0 to 63, with higher scores representing more severe depressive symptoms 
(17). 
Quality of life was evaluated using the Portuguese version of the Medical 
Outcomes Study Short Form 36 (SF-36) that contains 36 items that cover eight 
subscales: physical function, role-physical, bodily pain, general health, vitality, 
social function, role-emotional, and mental health (18).  
Body weight was measured, by trained interviewers, to the nearest 0.1 kg 
using a digital scale (SECA®), and height was measured to the nearest centimeter 
using a wall-stadiometer (SECA®); then BMI [weight (kg)/height (m2)] was 
estimated. 
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2.3. Rheumatologist evaluation 
A few days after the first interview, a structured clinical evaluation by a 
rheumatologist took place. Participants were invited for rheumatologist evaluation 
if they fulfilled at least one of the four following criteria: (1) had visited a physician 
because of their pain in the previous year and had been prescribed any 
complementary diagnostic exam or treatment; (2) had had more than 3 pain 
episodes in the last year with an intensity score ≥60 mm in the visual analogue 
pain scale; (3) had had at least one pain episode in the previous month with, at 
least, one week duration; (4) had had pain in the last month and a score ≥60 mm 
in the visual analogue pain scale (19). During the visit to the rheumatologist, 
specific clinical data was obtained and a physical exam was performed. The 
Lequesne index for knee OA and/or for hip OA was also completed for those 
participants that reported knee or/and hip pain in the last week. Both knee and hip 
Lequesne indexes versions included the measurement of pain (5 questions), 
walking distance (1 question) and activities of daily living (ADL) (4 questions). The 
scores range from 0 (no pain, no disability) to 24 (maximum pain and disability) 
(20). Points are allocated according to response so that higher values indicate 
greater severity (21). 
 
2.4. Knees and hips radiographs 
Weight-bearing antero-posterior (9) and lateral, semi-flexed (45º flexion) 
(22) radiographs of knees were obtained. For hips, standard antero-posterior 
weight-bearing radiographs (23) were taken. Radiographs were graded according 
to the Kellgren Lawrence scale (KL): Grade 0, none: no visible features of OA; 
Grade 1, doubtful: questionable osteophytes or questionable joint space 
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narrowing; Grade 2, minimal: definitive small osteophytes, little/mild joint space 
narrowing; Grade 3, moderate: definitive moderate osteophytes, joint space 
narrowing of at least 50%; Grade 4, severe: joint space impaired severely, cysts 
and sclerosis of subchondral bone (8).  For knee radiographs, a KL score (0-4) 
was attributed in tibio-femoral (medial and lateral) and patello-femoral of the right 
and left knees. A global KL score (0-4) was attributed to each hip.  
 
2.5. Participants 
From the 2485 participants of the EPIPorto cohort that participated at the 
baseline evaluation, 1682 were re-evaluated during the follow-up performed 
between 2005 and 2008. From those, the first 1000 were systematically invited to 
do knee and hip radiographs and 907 were evaluated, but 231 participants had 
unreadable or incomplete radiographic evaluation for knee and/or hip. The final 
sample comprises the remained 676 participants with radiographic evaluation both 
on knee and hip OA.  
From these 676 participants, 241 had criteria to perform the rheumatologist 
evaluation and all did the evaluation. As part of the evaluation 81 participants 
answered the Lequesne index for knee and 43 for hip. 
As shown in table 1, participants included were less educated and had a 
lower proportion of females. 
 
2.6. Data analysis  
Continuous variables were described by mean (standard deviation - SD) for 
variables presenting a normal distribution and by median (25th–75th percentile) for 
skewed distributions. Comparisons were tested using, chi-squared for proportions 
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and Student’s t test or Mann-Whitney test for continuous variables according to 
their distribution.  
The dimensionality and internal consistency of "pain questions/score" were 
assessed by factor analysis for dichotomous variables (latent trait model) and 
Cronbach’s Alpha, respectively. Principal components analysis was used to 
identify patterns of radiographic knee and hip OA features. Linear regression and 
proportional odds ratios were calculated to estimate the association between 
radiographic changes, pain, disability and quality of life. 
Data analysis was performed using R® statistical software and we 
considered the significance level at 5%. 
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3. Results 
Among the 676 participants considered in this study, the prevalence of 
radiographic lesions (KL≥2 in at least one location of right or left joint) was 46.8% 
in knee and 24.1% in hip; 15.4% participants had both knee and hip radiographic 
OA. Among those with knee radiographic lesions 55.5% reported ever having pain; 
regarding hip, this proportion was 28.9%. Similar prevalence of radiographic 
findings were found in right and left sides both in knee and hip. In knee joints, 
21.3% of participants had radiographic KL≥2 in right medial tibio-femoral 
compartment, 22.7% in left knee medial tibio-femoral, 23.9% in right knee lateral 
tibio-femoral, 20.7% in left knee lateral tibio-femoral, 38.1% in right knee patelo-
femoral and 36.9% in left knee patelo-femoral joint. 17.9% presented right hip 
KL≥2 and 18.4% had left hip KL≥2. 
In order to summarize the radiographs’ classification we performed a 
principal component analysis considering all joint compartments evaluated for 
each joint. This analysis identified only one component both for knee and hip 
(table 2). Therefore, we calculated the mean of the 6 radiographic aspects 
evaluated on knee and the mean of the 2 aspects evaluated for hip and we used 
these values as a score of the radiographic lesions on each joint for further 
analysis. The mean (SD) of the radiographic score was 0.97 (0.83) for knee and 
0.73 (0.70) for hip. 
Factor analysis for dichotomous variables was performed using pain 
questions separately for each joint (table 2). Since only one factor was identified 
we classified participants in four categories: having no pain (score -1); having pain 
but no other positive answer (score 0); and score 1, score 2 or score 3, according 
to the number of positive answers as a measure of pain severity. 
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Figure 1 presented the distribution by pain scores according with the 
radiographic scores (<2 and ≥2), by joint. As expected, in both joint sites, we found 
higher severity of pain among those with radiographic scores ≥2, but considering 
each same category of radiographic score, pain complaints regarding knee were 
significantly higher than complaints related with hip.  
After adjusting for age, gender, BMI and BDI, in knee we found a significant 
increase on pain score by the increase on the severity of the OA lesions measured 
by the radiographic score [POR=1.70 (95%CI (1.28-2.27)]. Regarding hip, no 
significant association was found between radiographic severity and pain 
complaints (table 3). 
 Concerning the subscales of SF-36, after adjustment, the increase in the 
severity of knee radiographic lesions was significant associated [β (95% CI)] with 
the decrease in physical function [-4.92 (-7.03;-2.80)], role-physical [-4.10 (-8.08;-
0.11)], bodily pain [ -2.96 (-5.45;-0.48)] and general health [ -3.05 (-5.00;-1.09)] . 
No statistically significant associations were found regarding hip radiographic 
findings (table 4). 
Among the sub-sample of 81 participants that answered the Lequesne 
index for knee the mean (SD) total score was 9.3 (4.0). In crude analyses higher 
radiographic score on knee was associated with higher Lequesne score for 
activities of daily life (ADL) and total score. However, after adjusted for age, 
gender and BMI only the association with ADL remained statistically significant 
[β=0.48; (95%CI 0.08; 0.89)]. Regarding the 43 participants that have answered 
the Lequesne index for hip the mean (SD) total score was 8.7 (5.0) and no 
statistically significant associations were found (table 5). 
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4. Discussion 
In accordance with previous data (6) higher prevalence of radiographic and 
symptomatic OA were found for knee compared with hip. We also found more 
complaints related with knee radiographic lesions than with hip radiographic 
lesions.  
In our study, radiographic changes in knee are more associated with higher 
pain complaints, lesser quality of life and more disability compared with hip joint. In 
hip there was no association of radiographic score with pain score and the same 
happened both for SF-36 and Lequesne index dimensions.  
These differences in knee and hip can be associated with the fact that some 
aspects of the pathology of OA that are related to pain (e.g., synovitis or bone 
marrow edema) are not seen in radiographs and they can be present in different 
patterns in knee and hip; these pathological changes can influence the differences 
in pain complaints (9, 11, 24). However, we cannot exclude the hypothesis that the 
results for hip were consequence of a lake power since lower prevalence of 
radiographic changes and lower pain scores were found for hip compared with 
knee. Nevertheless, the differences between knee and hip are probably beyond 
sample power, once we found very weaker associations for hip than for knee, 
supporting an actual different effect by joint site. 
Pain is an important marker of OA, but also an unspecific symptom that 
may be associated with other conditions (25, 26). One of the difficulties to study 
the relation of radiographic findings with pain is its assessment difficulty related to 
it’s fluctuating nature that can cause misclassification (27). However, it is expected 
that higher radiographic lesions are associated with higher pain (10). In our study 
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that happened both for knee and hip and supports the hypothesis that our pain 
“score” is measuring what is expected to measure. 
The progressive nature of OA symptoms and their effect on physical, social 
and occupational activities can cause changes in quality of life (28). The 
understanding of health status and disability assessment of OA in accordance with 
radiographic findings can offer insight into the early disease identification and 
management (29, 30).  
The SF-36 is one of the most widely used instruments in the assessment of 
general health status and it has shown to be useful in different populations 
including in OA (31) .We found that, although only regarding ADL, higher 
radiographic score was more associated with worst quality of life in knee 
compared with hip; in part this could be associated with that fact that we had 
higher proportion of participants reporting pain in knee and it is known that pain is 
highly associated with OA patients’ quality of life (32). Other studies have focused 
in this issue, with poor associations between radiographic OA and quality of life; 
for example in Salaffi et al., (28) study, both in hip and knee, SF-36 dimensions 
were not influenced by the degree of radiographic severity.  
Nevertheless, pain is not the only symptom of OA experienced by patients 
with knee and hip OA, and quality of life loss is also in part due to the function 
disability associated (5) normally expressed in the difficulty of normal occupation 
tasks (33). In our study, only ADL score was associated with higher radiographic 
score in knee; no other statistically significant associations were found when 
Lesquesne index was used. These results may be consequence of a lake of power 
regarding hip since the prevalence of lesion is lower in this joint site and the 
number of participants with data for the Lesquesne index is small. We also need to 
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recognise that the psychometric properties for the Portuguese versions aren’t fully 
studied, although the Lequesne indexes are one of the most widely used 
instruments for the assessment of OA-specific health status worldwide and  have 
been used in different Portuguese OA studies (34). 
To measure the association between radiographic score and pain score we 
decided to adjust for several confounders, in two different models, the first 
considering age, gender and BMI, that are known major risk factors for OA 
particularly in the weight-bearing joints (35). On the second model, we also 
considered depressive symptoms (measured by the BDI) once it may be expected 
that participants with depressive symptoms can over express their complaints (26, 
36). 
 As far as radiographic evaluation is concerned, we evaluated six different 
points in right and left knees and for hip we performed a measurement for left and 
other for right side. For the purpose of our study, we had to summarize all these 
evaluations in a summary measure for each joint and we used the mean of all 
points evaluated in each joint. Principal component analysis identified only one 
component for radiographic features on both joints and no differences were found 
between radiographic disease severity in right and left sides for both knee and hip 
joints, which supports the idea that the mean of all radiographic evaluations 
allowed a good measure of the radiographic lesions severity. Other studies 
showed a pattern of generalized OA especially when higher radiographic changes 
are seen (14, 37). In our study this also seems to happen in the two joints 
evaluated and, furthermore, even considering only KL≥2 we had 15.4% 
participants with both radiographic knee and hip OA. 
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Duncan et al. (38) purposed that it is the severity of radiographic changes 
within a joint, rather than it’s distribution between compartments, that is associated 
with symptoms. In part this is probably due to the clustering of radiographic 
changes of compartments within the same anatomical site, consistently with the 
known pathophysiology of the disease. This is also one of the reasons why we 
used a mean radiographic score to understand the association of radiographic 
changes with pain, quality of life and function. 
The differences in the associations observed might also be related to the 
radiographic procedures used (39, 40). For OA studies involving the hip and/or the 
knee, the preference normally goes to weight-bearing radiographs but, there are 
many discussions on what are the best radiographic views (37). Furthermore, it is 
known that multiple views detect more changes than single views alone (7). A 
recent systematic review on the association between radiographic and clinical OA 
outcome measures found, for the knee joint, higher associations with multiple 
radiographic knee views, whereas no or inconsistent associations were commonly 
found in studies with only one radiographic knee view; the same authors purpose 
that the lack of association in hip studies might also be related to less accurate 
radiographic protocols and procedures used (40). 
Other important issue in OA is the lack of a radiographic consensus in the 
radiographic classification (14). In this study, we used the OA radiographic system 
developed by Kellgren and Lawrence (8). Radiographic evaluation is thought to be 
dependent on the analyser experience and the radiographic view(s) used (7) and 
some reliability and validity limitations of this grading scale can be found (23, 39). 
Grades of severity for OA are generally on a 1 to 4 scale, with 0 indicating a 
normal joint. Rating methods for classification of severity represented by these 
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grades are similar for various sources, but may differ in descriptive interpretation 
(25, 40). Furthermore, our radiographs were scored only by one reader, although 
he was unaware of the participants' clinical data. Knee radiographic features were 
evaluated in tibio-femoral (medial and lateral) and patelo-femoral of the right and 
left knee but, in hip, only globally right and left hip were evaluated. Specific 
superior and medial pole hip OA (11) wasn’t evaluated and only a global score 
was attributed; this could be a limitation although this is a frequent procedure; it is 
suggested that radiographic changes in knee specific compartments may be 
easier to identify and to document compared with the hip joint  (14, 37). 
One important limitation of this study is its cross-sectional design, which 
doesn’t allows the exploration of how observed differences have been developed 
and interact over time. Although our study was developed from a population-based 
study, we lost some participants for the analysis, which could determine a 
selection bias. Nevertheless non-participants were quite similar to the studied 
population, with exception for gender and years of education. Finally, it is also 
important to remember the limitation associated with the low size of the sub-
sample used in the association between radiographic scores and Lequesne index 
that reduces the power of our analysis 
Despite some limitations, our study supports that similar radiographic 
lesions seem to be differently expressed in knee and hip joints, as far as pain 
and/or functional limitation (ADL) are concerned. These results deserve clinical 
and epidemiological attention. From an epidemiologic point of view, the differences 
observed should be considered in the interpretation of data concerning prevalence 
and incidence estimates based on different OA definitions. From a clinical point of 
view, radiographic changes in hip seem to produce fewer complaints, and this can 
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contribute to a higher difficulty in hip OA identification. This reinforces the idea that 
a better interpretation of patient’s complaints according to the joint evaluated can 
contribute to a better understanding of OA case ascertainment. 
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5. Conclusions 
Higher knee scores of radiographic changes were associated with higher 
pain scores, worst scores on quality of life (namely for physical function, pain and 
general health) and higher difficult in ADL (Lequesne index). Regarding hip, no 
statistically significant association were found between radiographic score and 
complaints. 
Our data supports that, the relation between radiographic OA features, pain, 
function and quality of life is different according to the joint considered. 
Radiographic lesions in knee produce higher complaints, as far as pain and/or 
functional limitations are concerned, than similar lesions in hip.  So, it can be 
expected more difficulties in OA case ascertainment in joints, like the hip, were 
complaints are less associated with radiographic findings. 
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9. Figure Legend 
 
Figure 1. Knee and hip pain scores distribution according to radiographic score 
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Table1. Comparison between included and excluded participants. 
 
 
 Participants 
without 
radiographic  
evaluation 
n=775 
Participants 
only with knee 
radiographic  
evaluation 
n= 218 
Participants 
only with hip 
radiographic  
evaluation 
n=13 
Participants 
included 
(with both knee 
and  hip 
radiographic  
evaluation) 
n=676 
 
 
p-
value 
 
Age (years) Mean(SD) 56.6±15.4 57.2±14.8 61.5±13.5 58.4±14.0 0.10 
Gender n(%) Women 510(65.8) 132 (60.6) 8 (61.5) 397 (58.7) 0.05 
Marital status 
n(%) 
Married/civil union 517 (66.7) 140 (64.2) 6 (46.2) 471 (69.7)  
0.52 Single/divorced/widow 258 (33.3) 78 (35.8) 7 (53.8) 205 (30.3) 
Years of 
education n(%) 
0-4 years  275 (35.5) 85 (39.0) 4 (30.7) 246 (36.3)  
0.02 5-9 years 137 (17.7) 41 (18.8) 3 (23.1) 183 (27.1) 
10-12 years 124 (16.0) 32 (14.7) 3 (23.1) 91 (13.5) 
≥12 years 239 (30.8) 60 (27.5) 3 (23.1) 156 (23.1) 
Occupation n(%) White collar occupations 461 (59.5) 128 (58.7) 7 (53.8) 402 (59.6%)  
 
 
0.64 
Blue collar occupations 242 (31.2) 64 (29.4) 6 (46.2) 200 (29.7%) 
Others (unemployed, 
student, never had a job) 
72 (9.3) 26 (11.9) 0 (0) 72 (10.7%) 
Current 
occupation status 
n(%) 
Working 339(43.7) 100(45.9) 5 (38.5) 257 (38.0)  
 
0.12 
Retired 326 (42.1) 79 (36.2) 7 (53.8) 304 (45.0) 
Others (unemployed, 
student, never had a job) 
110 (14.2) 39 (17.9) 1 (7.7) 115 (17.0) 
Self reported 
diagnosis of knee 
OA n(%) 
Yes 106 (13.7) 39 (17.9) 3 (23.1) 105 (15.5) 0.35 
Self reported 
diagnosis of hip 
OA n(%) 
Yes 53 (6.8) 21 (9.6) 0 (0) 46 (6.8) 0.35 
Other chronic 
disease n(%) 
Yes 529 (68.3) 144 (66.1) 10 (76.9) 446 (66.0) 0.54 
Height (cm) Median (25th–75th percentile) 158.9 (153.3-
166.0) 
160.8 (153.8-
168.4) 
154.4 (153.2-
166.6) 
159.6 (152.9-
166.4) 
0.19 
Weight (kg) Median (25th–75th percentile) 67.9 (60.1-77.0) 73.8 (63.8-84.1) 66.7 (55.1-76.7) 68.1 (60.1-77.8) 0.06 
Body mass index (kg/m2) Median (25th–75th 
percentile) 
26.4 (23.5-29.9) 27.0 (24.9-30.4) 26.9 (22.8-29.3) 26.5 (24.0-29.5) 0.29 
Knee Pain  Yes 309 (39.9) 97 (44.5) 6 (46.2) 294 (43.5) 0.48 
Hip Pain Yes 179(23.1) 59 (27.1) 3 (23.1) 171 (25.3) 0.64 
BDI  Median (25th–75th percentile) 6 (3-12) 6 (3-12.8) 9 (5-19) 7 (3.8-12) 0.29 
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Table 2. Principal component/factor analysis for radiographic features and internal 
consistency/factor analysis for pain questions (dichotomous variables, latent trait 
model), both for knee and hip joints. 
 
  
Radiographic features 
 
Component 1 
 
% of Variance 
explained 
 
Global 
Cronbach’s 
Alpha 
 
 
 
 
 
Knee 
 
Right knee medial tibio-femoral OA 
 
 
0.84 
 
 
 
 
 
67.0% 
 
 
 
 
 
 
0.90 
 
Left knee medial tibio-femoral OA  
 
0.82 
Right knee lateral tibio-femoral OA 
 
0.80 
Left knee lateral tibio-femoral OA  
 
0.83 
Right knee patelo-femoral OA  
 
0.82 
Left knee patelo-femoral OA  
 
0.81 
 
 
Hip 
 
Right hip OA 
 
 
0.92 
 
 
84.2% 
 
 
 
0.81 
Left hip OA 
 
0.92 
  
Pain questions 
 
Factor loading 
 
Cronbach’s 
Alpha 
If item deleted 
 
Global 
Cronbach’s 
Alpha 
 
 
 
Knee 
 
“In the last year did you had more than 3 knee pain 
episodes ?” 
 
 
0.97 
 
0.51 
 
 
 
0.70 
 “During the last 6 months did knee pain lasted 
longer than a week?” 
 
0.86 0.74 
“During the last month did you had knee pain?”  0.95 0.52 
 
 
 
Hip 
 
“In the last year did you had more than 3 hip pain 
episodes ?” 
 
 
0.99 
 
0.44 
 
 
 
0.66 
 “During the last 6 months did hip pain lasted longer 
than a week?” 
 
0.82 0.70 
“During the last month did you had hip pain?”  0.90 0.53 
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Table 3. Association between radiographic score and pain score for knee and hip. 
 
 
  
Crude POR 
(95% CI) 
 
 
Model 1 
POR (95% CI) 
 
 
Model 2 
POR (95% CI) 
 
 
 
 
Radiographic knee score 
 
Knee pain score 
 
 
2.08 
 (1.73; 2.51) 
 
1.58 
(1.27; 1.97) 
 
1.70 
 (1.28; 2.27) 
 
 
 
Radiographic hip score 
 
 
Hip pain score 
 
 
1.22 
(0.97; 1.52) 
 
1.07 
(0.84; 1.38) 
 
1.09 
(0.78; 1.52) 
 
POR -Proportional Odds Ratio; Model1 -Adjusted POR for age, gender and BMI; Model 2  -Model 1 plus BDI adjustment.  
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Table 4. Linear regression coefficients and 95% confidence intervals between radiographic OA score and SF-36, for knee and hip. 
 
  
SF-36 
 
physical function role-physical bodily pain general health Vitality social function role-emotional mental health 
Crudeβ(
95% CI) 
 
Adjusted1 
β 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted  
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted  
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted 
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted 
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted 
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted 
β
1
 
(95% CI) 
 
Crudeβ 
(95% CI) 
 
Adjusted 
β
1
 
(95% CI) 
 
 
 
Knee  
radio 
graphic  
score 
 
-11.38 
 (-13.32;  
-9.40) 
-4.92 
 (-7.03; 
-2.80) 
-12.42 
 (-15.96;  
-8.87) 
-4.10 
 (-8.08;  
-0.11) 
-7.35 
 (-9.65; 
-5.05) 
-2.96 
 (-5.45;  
-0.48) 
-7.27 
 (-8.99;  
-5.54) 
-3.05 
 (-5.00; 
 -1.09) 
-3.78 
 (-5.65;  
-1.90) 
-0.87 
 (-2.98; 
1.25) 
-2.10 
 (-4.22; 
0.03) 
-0.78 
 (-3.24; 
1.68) 
-7.02 
 (-10.67; 
-3.38) 
-1.26 
 (-5.47; 
2.94) 
-1.56 
(-3.47; 
0.35) 
0.18 
 (-2.01; 
2.38) 
 
Hip  
radio- 
graphic  
score 
 
-4.25 
 (-6.74;  
-1.76) 
-0.06 
 (-2.39;  
2.27) 
-3.31 
 (-7.73;  
1.11) 
1.66 
 (-2.72; 
6.04) 
-1.08 
 (-3.81; 
1.65) 
0.58 
 (-2.07; 
3.23) 
-2.55 
 (-4.70;  
-0.40) 
0.02 
 (-2.14; 
2.18) 
-0.22 
 (-2.44; 
2.00) 
0.79 
 (-1.46; 
3.03) 
-0.80 
 (-3.33; 
1.73) 
-0.83 
 (-3.49; 
1.84) 
-2.17 
 (-6.45; 
2.10) 
0.23 
 (-4.20; 
4.67) 
0.37 
 (-1.90; 
2.64) 
0.29 
 (-2.07; 
2.64) 
 
* p value statistically significant for α≤ 0,05;   1 Adjusted regression model for age, gender and BMI 
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Table 5. Linear regression coefficients and 95% confidence intervals between 
radiographic score OA and Lequesne index, for knee and hip. 
 
 
* p value statistically significant for α≤ 0,05;   1 Adjusted regression model for age, gender and BMI 
 
 
 
  
Pain 
 
 
Walking distance 
 
Activities of Daily Living 
 
Total score 
 
Crude β 
 (95% CI) 
p value 
 
Adjustedβ1 
(95% CI) 
p value 
 
Crude β 
 (95% CI) 
p value 
 
Adjustedβ1 
(95% CI) 
p value 
 
Crude β 
 (95% CI) 
p value 
 
Adjusted β1 
(95% CI) 
p value 
 
Crude β 
 (95% CI) 
p value 
 
Adjusted β1 
(95% CI) 
p value 
 
 
 
Knee  
radio-
graphic 
score 
 
Knee Lequesne index 
 
 
0.25 
 (-0.22; 0.71) 
 
0.02 
 (-0.48;0.52) 
 
0.19 
 (-0.15; 0.53) 
 
0.06 
 (-0.32; 0.43) 
 
0.58 
 (0.19; 0.97) 
 
0.48 
 (0.08; 0.89) 
 
1.01 
 (0.08; 1.95) 
 
0.56 
 (-0.39;1.51) 
 
 
Hip  
radio-
graphic 
score 
 
Hip Lequesne index 
 
 
0.03 
 (-2.56; 2.61) 
 
0.63 
 (-1.64; 2.89) 
 
-0.38 
 (-2.02; 1.25) 
 
- 0.25 
 (-1.76;1.27) 
 
0.46 
 (-1.83; 2.75) 
 
0.46 
 (-1.41; 2.34) 
 
0.17 
 (-5.35; 5.70) 
 
0.84 
 (-3.63; 5.31) 
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*RS - Radiographic Score 
** p value for statistical differences between pain scores in knee and hip with radiographic score <2 
*** p value for statistical differences between pain scores in knee and hip with radiographic score >2 
 
 
Figure 1. Knee and hip pain scores distribution according to radiographic score 
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4. General Discussion 
 
Osteoarthritis poses a substantial and increasing burden on individuals and 
society. This study, using data from a population based cross-sectional analysis, 
gave us important information to understand the effect of using different definitions 
in osteoarthritis, regarding the association between radiographic characteristics 
with pain, and their relation with patients’ disability and quality of life. 
Osteoarthritis is characterized by articular changes and lesions that can 
affect different joint sites, causing pain and disability. However, the relation 
between the level of pathophysiological lesions and complaints is still not clear and 
many of those who have radiographic disease do not present signs and/or 
symptoms (134). Thus, some of the difficulties in evaluating the prevalence and 
incidence of osteoarthritis are related to the value that is given to the radiographic 
evaluation and its association with patient complaints. Since radiographic changes 
are an objective marker, many studies have focused on this parameter 
(radiographic osteoarthritis definition); however, since this condition has associated 
symptoms, OA case ascertainment based on radiographic findings plus the 
patient’s complaints, can probably give a more confident disease estimate.  
Through our systematic review we identified that radiographic case definition 
studies of osteoarthritis presented the highest prevalence and incidence values. 
This is in accordance with the clinical knowledge that many people with 
radiographic lesions do not have complaints. It is, therefore, important to 
understand if they should be considered as having the “disease” and if the early 
identification of radiographic findings can predict and/or contribute to future 
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osteoarthritis related complaints. However, the cross-sectional nature of this thesis 
does not allow clarification of this issue. 
Within each joint site, self-reported and symptomatic definitions appear to 
present similar estimates. These were expected results since symptoms 
associated with osteoarthritis are essential to identify the disease in a clinical 
setting (8, 41, 46, 135) and this can explain the similar estimates found with self-
reported definitions which were frequently based on the existence of a previous 
diagnosis of the disease. 
Although it is useful to define the disease through objective measures, such 
as radiographic findings, it is also important to consider several other aspects that 
can contribute to a better case ascertainment. Discordance between pathology, 
symptoms and disability is frequently found in osteoarthritis (134). Structural 
changes are not the major determinant of the clinical outcome; non-modifiable risk 
factors (age and gender), pain and specific joint site need to be understood in the 
disease management. Psychosocial status and BMI are also important, potentially 
treatable, modifiable factors in determining pain severity.  
  Advances in the understanding of osteoarthritis have revealed new aspects 
of the pathogenesis and progression of the disease (63). Initially considered 
cartilage driven, it is a much more complex disease involving the entire joint (35). 
Radiographic appearance has traditionally been the cornerstone of diagnosis 
because the effects of the pathological processes can be identified as features on 
the x-ray: joint space narrowing, subchondral sclerosis, and osteophyte formation 
(136). Nevertheless, the discordance between symptoms and radiographic 
appearances suggests that there are determinants of signs and symptoms in this 
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disorder other than radiographic severity (137). We found that the focus on 
radiographic definitions of disease in osteoarthritis can lead to prevalence and 
incidence over-estimates (29). From an epidemiologic perspective, a primary focus 
only on radiographs should probably be discouraged; in a clinical setting 
radiographic changes should be correctly understood in accordance with patients’ 
complaints (138). 
Based on our systematic review, we found the highest osteoarthritis 
prevalence estimates were found in hand joints. This was, in part, an expected 
finding: radiographic hand osteoarthritis is highly prevalent compared with other 
peripheral joints, although in hand joints pain and disability seem to be less marked 
within individuals in the first stages of radiographic disease (15, 23, 128). 
Insufficient data for incidence studies did not allow us to make any comparison 
according to joint site or disease definition. Longitudinal studies with different 
follow-up periods are needed to further understand osteoarthritis incidence. 
Through our results, we can argue that there is an important effect of 
osteoarthritis definition in prevalence and incidence estimates. Peat et al. (136) 
suggest that the options for the definition used should be dependent on the 
purpose of the study; for example, investigations of the causes and early 
identification of pathophysiological signs of osteoarthritis can focus on radiographic 
criteria, regardless of symptoms. By contrast, any attempt to assess health care 
needs or treatment options in patients with established radiographic osteoarthritis 
must focus on the associated symptoms and disability (136). These difficulties in 
case identification show that a major issue for future research is a commitment to 
more uniformity and standardization in osteoarthritis identification and 
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measurement to allow comparability between studies (27).  
 
Despite their relevance in osteoarthritis case ascertainment, signs and 
symptoms are not specific, and this aspect makes their interpretation and 
appreciation more difficult; so it is important to understand all the characteristics 
that can allow the identification of a patient with OA or at risk of developing it. 
Moreover, it is also essential to further investigate instruments and strategies that 
can facilitate the disease diagnosis and understand its evolution.  
We focused our attention on pain because it is usually the major complaint 
of symptomatic osteoarthritis, which leads patients to seek medical attention (37) 
and it is also the major determinant of the level of disability (139). One of the first 
challenges to study pain, or to evaluate it in a clinical setting, is its measurement. 
In order to evaluate pain in our cross-sectional studies, we used questions with 
different time frames, which after proper statistical analysis were considered as a 
pain score.  Some of the difficulties in pain assessment include the fact that it is an 
unspecific symptom that may be associated with other conditions (27, 93), the wide 
range of variables that can influence its expression (113) and its fluctuating nature 
that can cause misclassifications (140). In spite of the difficulties in its assessment, 
the significance of pain complaints in osteoarthritis is recognised by the European 
League Against Rheumatism in its recommendations for the diagnosis of 
osteoarthritis, identifying pain as an essential aspect for diagnostic accuracy (100).  
 
Simple clinical information can help estimate the probability of radiographic 
osteoarthritis in individual patients, although in many cases this will not allow 
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radiographic osteoarthritis to be excluded with a high degree of confidence (141). 
In paper II, although we know the relative weight that should be given to 
radiographic findings, we tried to understand which factors helped to identify 
radiographic osteoarthritis patients. The underlying assumption is that if the 
pathological process which gives rise to the x-ray changes could be averted or 
slowed down this would be one means of maybe preventing pain and disability 
(136). We identified that higher BMI and higher age were the major characteristics 
that allowed the identification of participants with radiographic osteoarthritis. In a 
different study (141), in older adults with knee pain, to determine whether clinical 
information could practically rule in or rule out the presence of radiographic 
osteoarthritis, independent predictors were age, sex, body mass index, absence of 
whole leg pain, traumatic onset, difficulty descending stairs, palpable effusion, 
fixed-flexion deformity, restricted-flexion range of motion, and crepitus (141).  
Higher BMI can be an important aspect in osteoarthritis diagnosis. Although 
systemic and inflammatory aspects have been suggested (75), an increase in 
mechanical forces across weight-bearing joints is probably the primary factor 
leading to joint degeneration (63). Research on the association between BMI and 
osteoarthritis is highly consistent (74, 142). Obesity, defined by either increased 
weight (kg) or BMI, is an unequivocal risk factor for the onset, progression, and 
symptoms of osteoarthritis (75, 76). 
Osteoarthritis is a degenerative disease and the prevalence increases with 
age (142). Age-related systemic articular changes and mechanical stress are 
probably responsible for this association (63) McAlindon et al. (137) demonstrated 
that alongside knee pain, age is also an important determinant of functional status. 
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Higher age should be considered in osteoarthritis case ascertainment (10); we 
found the odds of having radiographic osteoarthritis increases with increasing ages, 
and therefore there is a high probability of elderly individuals presenting 
radiographic changes. We can also argue that, although radiographic evaluation 
can be important to understand the disease progress, the information given by the 
x-ray in older ages, only for the identification of osteoarthritis patients is scarce 
(143). 
Studies have showed that women have a higher risk of developing knee 
osteoarthritis than men, but this relation is not consensual for hip and hand joints 
(12, 24, 46). Hormonal and systemic differences are recognized and some 
associations have been found although not consistently (46, 59, 138, 144-146); 
Some researchers believe that sex differences in knee osteoarthritis are due to a 
greater sensitivity to pain in women (142). Through the results of our study we can 
argue that being a woman is probably not a determinant of pathological 
osteoarthritis changes. Life expectancy is higher in women and they are thought to 
report more pain and to seek health care services more often than men; probably 
this explains why women have a higher chance of being identified as having 
osteoarthritis. 
These results reinforce the idea that age, sex, BMI and pain in accordance 
with radiographic findings should be correctly used to improve osteoarthritis 
diagnostic accuracy. But, beside BMI, age and sex, other characteristics can 
condition the identification of individuals with osteoarthritis and also should be 
taken into consideration in pain interpretation. Paper III allowed us to demonstrate 
that depressive symptoms reduce the ability of pain to identify individuals with a 
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possible diagnosis of knee osteoarthritis. Psychosocial factors and co-morbidities 
are crucial issues, which can influence health status of individuals with 
osteoarthritis (37). Adequately assessing and understanding of psychosocial 
factors that influence pain and consequently the patient’s diagnosis and 
management is a central focus of research and clinical practice (93). In paper III 
results, we found depressive symptoms explained some of the variation in pain 
reporting among individuals with knee osteoarthritis, especially in women. Knee 
pain was associated both with depressive symptoms and radiographic 
osteoarthritis. The association of knee pain with radiographic knee changes was 
higher in higher pain scores and in participants without depressive symptoms. The 
presence of depressive symptoms seems to impair the ability of knee pain 
complaints to identify patients with radiographic osteoarthritis. 
In accordance with our results, other authors found that different 
psychosocial aspects were pain determinants (94, 147, 148). Interestingly, 
Schiphof et al. (149) found depression was a determinant for knee pain in 
participants with radiographic KL=0, but not in knees with radiographic 
osteoarthritis (149). Even in an older study, disease severity accounted for little of 
the individual variability in clinical outcomes; after controlling for disease severity, 
psychological variables remained strong predictors of individual differences in 
functional impairment and pain both in knee and hip (150). Several studies also 
found that, beside knee pain experience, disability scores were also strongly 
influenced by psychological status (151-154). These results also seem to be 
verified for hip osteoarthritis: for example, Thumboo et al., (155) found 
psychosocial factors independently influenced pain and physical function both in 
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knee and hip. Other authors found depression and hip osteoarthritis showed 
significant interactions with the severity of disease and pain reporting (149). 
Although studies tend to point in the same direction, literature is not always 
concordant; for example, Juhakoski, et al. (156) study found no significant 
correlations between pain, disability and depression. 
There is the emerging idea about the importance of understanding both 
biological and psychosocial factors in the assessment and treatment of 
osteoarthritis (93). The understanding that depressive symptoms can influence the 
reporting of pain is important to create opportunities for disease identification and 
correct management. Although we identified the importance of pain evaluation in 
identifying osteoarthritis patients, pain needs to be considered and interpreted in 
accordance with the patient’s psychological status.  
 
Although pain is the major complaint and the first reason for seeking health 
care services (and therefore highly implicated in patient diagnosis), osteoarthritis 
consequences are also associated with disability and reduced quality of life. In our 
systematic review we understood that osteoarthritis of the knee is more prevalent 
than in the hip, but estimates change according to the osteoarthritis definition used 
(157). Radiographic knee and hip osteoarthritis expresses objective articular 
patophysiological changes (6, 104, 158); however, in both these joints, no linear or 
solid relation has been established between symptoms and radiographic changes 
(4).  
Knee and hip osteoarthritis are characterized by a progressive loss of 
articular cartilage accompanied by new bone formation and, often, synovial 
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proliferation that may culminate in pain, loss of joint function, and disability (63). A 
systematic review found pain and functional status in hip or knee osteoarthritis 
seem to deteriorate gradually (159) but the development and progression of joint 
pain and disability in the weight-bearing joints is sometimes different for knee and 
hip. Thus it is important to determine the relationships between clinical variables 
and radiographic findings and if these associations change according to joint site  
(139). In paper IV, we understood that knee radiographic changes seem to be 
more associated with pain, disability and quality of life compared with hip. 
Radiographic lesions in the hip seem to produce fewer complaints than in the knee; 
these differences may influence osteoarthritis diagnosis and case identification. In 
the knee, an increase on radiographic score increased the odds of having a higher 
pain score and was associated with worse general health, physical function, role-
physical, bodily pain and limitations in activities of daily living. Regarding the hip, 
no significant associations were found between the severity of radiographic lesions 
and these measures.  
Different studies show different associations for knee and hip, although in 
both cases literature is concordant in the poor correlation between radiographic 
score and disability associated with osteoarthritis both in the knee and hip (150-
154). The literature also tends to show that pain is more important than 
radiographic severity in determining disability (137, 147, 160). The differences 
observed between knee and hip should be taken into consideration in osteoarthritis 
management so that symptoms can be correctly understood according to the joint 
involved. Moreover, this study also allowed us to understand that the results 
obtained for the knee joint, in paper II and III, need further investigations before 
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being generalized for other joints. 
 
 
 
Study Limitations 
 
This study has certain limitations that must be discussed. Through the 
different papers several specific aspects have already been identified and 
discussed. However, some other general limitations need to be pointed out. 
The major limitation of this study is probably its cross-sectional design, 
which does not allow the exploration of how observed differences have been 
developed and how pain, radiographic findings, depression and disability, interact 
over time. 
Another limitation that should be take into consideration in our study is 
related with the differences between included and excluded participants. Although 
our study was developed from a population-based study, we lost some participants 
for the analysis, which could determine a selection bias. Nevertheless, we have 
shown in our studies that non-participants were quite similar to the studied 
populations.  
Other variables could influence our results and were not evaluated (eg. 
comorbidities, treatments). Patients with osteoarthritis frequently suffer from 
comorbidities. There is evidence that comorbidities are related to pain and 
disability (161); treatment strategies, for example, selected for pain and depression 
are also expected to influence some of the associations  found in our investigation 
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and this should be understood when interpreting our results (10, 26). 
In our sample, the subjects mainly suffered from mild or moderate 
osteoarthritis, diagnosed by radiography, with relatively low scores of pain and 
physical function compared with other studies. Including participants with more 
severe symptoms might have given different results and probably a more objective 
picture of osteoarthritis patients, with higher associations. 
In the different studies that composed our work, we could have further 
divided our participants according to radiographic severity, age, duration of 
osteoarthritis symptoms, occupation and several other parameters. This may be 
important, considering the great variability in patients. Notwithstanding, we made 
several stratified analyses through our statistical procedures, to understand if the 
associations changed in different groups and to test different possible interactions 
or confounders (some of these data are not presented). Moreover, it was our 
concern to try to present the results maintaining the power of our analysis. 
Due to the fact that the present study has only analysed data from knee and 
hip joints, the implication of these results on patients with osteoarthritis in other 
joint sites is limited. 
As far as our systematic review is concerned we had various limitations, 
associated with the high heterogeneity found related with the different 
methodologies and differences within each specific osteoarthritis definition and 
joint site. Publication bias is probably not a major issue, because there was no 
analytical dimension to this study, and successful publication of the studies 
included most likely does not depend on the prevalence and incidence estimates 
obtained. 
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The differences in the associations between radiographic and clinical 
osteoarthritis outcome measures might also be related to the radiographic 
procedures used (134). Much of the effort during the recent years has been placed 
on the standardization of each technique, in order to limit the sources of variability 
in measurement and interpretation, including: patient positioning, the measurement 
process and the radiographic procedure (e.g., centering of the x-ray focal spot, the 
focus–film distance, etc.) (162). For osteoarthritis studies involving the hip and/or 
the knee, the preference normally goes to weight-bearing radiographs (104, 163) 
but there is much discussions concerning the best radiographic views (162). 
Furthermore, it is known that multiple views detect more radiographic osteoarthritis 
than single views alone (104) . 
In the knee, weight-bearing antero-posterior and lateral radiographs may not 
be sufficient to show the true extent of the different views of the pathology and 
assess disease (164). Different radiographic methods show differences in joint 
space narrowing and osteophytes evaluation (165). Several alternative protocols 
have been developed for standardized positioning of the knee (134) and it may be 
argued that it is important to obtain weight bearing postero-anterior radiographs, 
with knee flexion, for an adequate assessment of patients with knee osteoarthritis 
(165, 166). The protocols differ, however, with respect to the degree of flexion 
required, the angulation of the x-ray beam and the positioning standards (167). 
As far as the hip is concerned, there seems to be a more consensual option 
in the literature; the standard antero-posterior radiographs of the pelvis are the 
most frequently used in hip osteoarthritis studies (127). Measurements of joint 
space width of the hip, in pelvic standing and supine radiographs have been shown 
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to be concordant, however, for some specific articular changes different views may 
also be needed, associated with different hip flexion degrees (168). 
In our other studies we used the Kellgren–Lawrence score, which is the 
most widely used radiographic definition, but even this score presents some 
reliability and validity limitations (104, 106). Criticism of radiographic grade systems 
include: inconsistencies in the description of features of osteoarthritis, the 
prominence given to osteophytes at all joint sites, and poor inter-rater and 
between-centre reliability (169, 170). It is important to remember that findings on 
plain radiographs do not correlate well with symptoms. Joint pain in older adults is 
not always due to osteoarthritis, even when radiographs show changes since these 
changes are common in older adults (143). It would be expected that the 
concordance between clinical and pathological articular findings may improve 
using other imaging options (108, 136). 
In Study 2 and 4 we estimated (after considering a principal component 
analysis) a radiographic score to allow analysis and a better interpretation of our 
results. Knees with structural changes in both compartments were more likely to be 
painful and to be associated with loss of function than were knees in which only 
one compartment was affected (153). In our analysis we did not include a separate 
analysis for bilateral osteoarthritis participants, in whom we could expect different 
results. 
In our work, pain was one of the major variables evaluated. In the EPIPorto 
study, qualitative and quantitative data on pain was collected. After a preliminary 
statistical analysis we decided not to use quantitative data (obtained through the 
visual analogue pain scale) because we realized it was not a good measure of pain 
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complaints and could represent a bias in the associations we intended to estimate; 
we established that it was better to use the group of questions regarding pain in 
each joint. After a factor analysis we decided to use pain questions as a possible 
pain score. It is true that it would probably also have been a good methodological 
choice to use a pre-validated pain questionnaire and this could represent a 
limitation of our work. 
Some of the radiographic and pain discordance in osteoarthritis may be in 
part related to the fluctuating nature of knee pain, and studies in which pain is only 
assessed at a single point in time may possibly cause misclassification (140). We 
tried to minimize this problem using questions with different time frames. Another 
aspect that is worth noting is that the pain score used was based on the number of 
complaints reported without any hierarchy of complaints. This could be a limitation, 
but no information was found in the literature to support the hierarchy of the 
questions. A higher number of questions could also have been used; however, we 
tried to use a small number of questions, created by a group of health 
professionals with clinical expertise in the field, which could be easily used in a 
clinical setting or in population based studies. Another subject that is important to 
discuss as a limitation is the fact that the source of pain (hip or knee) is difficult to 
determine by self-reported information; this is probably why many studies have 
analyzed hip and knee pain together.  
An interesting study by LaValley et al. (171) tried to evaluate if screening for 
symptomatic knee osteoarthritis for clinical trials and epidemiologic studies could 
be satisfactorily done without performing knee radiographs. They concluded, 
however, that none of the instruments used based on self-reported symptoms and 
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functional limitations were adequate diagnostic tests to serve as a single-step 
evaluation of the presence or absence of symptomatic knee osteoarthritis (171). 
The Portuguese version of the Beck Depression Inventory (BDI) was used to 
evaluate depressive symptoms (122). To assess the extent of depression, we 
chose the BDI because it evaluates not only motivational, cognitive, and emotional 
items but also somatic issues relating to weight loss, sleep disturbance, and 
working capacity (156). However, these factors may reflect not only depression but 
also somatic concerns and disabilities. We were only able to obtain information 
about depressive symptoms in about 33% of participants; the low participation rate 
in answering BDI questions, which may limit both internal and external validity, is 
most likely related to self-administration of the scale. 
An additional limitation is the consideration of depressive symptoms as the 
sole identifiers of psychological status. A further assessment, for example, of 
aspects such as anxiety and helplessness, could have provided additional 
information (156). Other aspects such as cognitive impairment and social networks 
are also expected to play an important role in limitations in activities and pain in 
patients with osteoarthritis (161). 
Quality of life was evaluated using the Portuguese version of the Medical 
Outcomes Study Short Form 36 (SF-36) (56). The SF-36 is one of the most widely 
used instruments in the assessment of general health status (172) and it has 
shown to be useful in different populations including in osteoarthritis (43). Although 
it is a generic non-specific instrument, SF-36 has nonetheless been shown to be 
related to the clinical status and functional ability of patients with osteoarthritis and 
can be used as a sensitive health status measure for clinical evaluation (173). 
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The Lequesne index for knee and hip was used to evaluate disability (130). 
It must be admitted that the psychometric properties for the Portuguese versions 
are not fully studied, although the Lequesne indexes are one of the most widely 
used instruments for the assessment of osteoarthritis-specific health status 
worldwide (174). Disability was also shown in other studies to be associated with 
other aspects such as muscle weakness, range of joint motion or joint alignment 
changes (154) that were not evaluated in our study. Our results need to be 
understood remembering that disability is affect by other important clinical aspects, 
such as stiffness (1, 46). Moreover, some of the disability reported may in fact be 
due to other conditions and aspects than osteoarthritis. These aspects, not 
evaluated in this study, deserve a more comprehensive approach in the future.  
Finally, associated with disability measurement, in study 4, it is also 
important to remember the limitation associated with the low size of the sub-
sample used in the association between radiographic scores and Lequesne 
indexes that reduces the power of our analysis. 
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5. Conclusion 
 
In the present study, primarily through a systematic review, we identified that 
different measures modify how osteoarthritis patients are identified in prevalence 
and incidence estimates; we observed that epidemiological evaluation based on 
radiographic data presented the higher estimates and similar results were found for 
self-reported and symptomatic (radiographic plus symptoms) data. We may argue 
that the epidemiologic approach to studying osteoarthritis should take into account 
that radiographic disease may produce higher estimates compared with self-
reported and symptomatic definitions. 
Secondly, we observed that age, BMI and pain are important variables to 
identify participants with knee radiographic osteoarthritis. In addition, rather than 
identifying patients based on pathological findings it is important to consider 
osteoarthritis as a disease only when it is associated with pain reporting. 
If the case ascertainment of patients depends on their pain complaints, we 
observed that pain reporting is influenced by individual psychosocial status in knee 
joint. The interpretation of symptoms in association with the radiographic findings 
should take into account the individual's depressive symptomatology. 
Finally, observations on knee and hip joints, allowed us to understand that 
osteoarthritis patients’ identification, based on the relation between pain, disability 
and radiographic changes is dependent on the anatomical location involved.  
These results should be considered in future epidemiological approaches 
and also to assist in improvement in clinical diagnosis and management of 
osteoarthritis. 
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